

THE SILICATES 

IN GHEMISTRY AND COMMERCE 

INCLUDING THE EXPOSITION OF A HEXITE AND 

PENTITE THEORY AND OF A STEREO-CHEMICAL ‘ 

THEORY OF GENERAL APPLICATION '' 

r 

BY 

DR. W. ASCH AND DR. D. ASCH 

HEHLIN' 


TRANSLATED, WITH CRITICAL NOTES AND SOME ADDITIONS BY 

ALFRED B. SEARLE 

AirraOK OF “ I’HE iTATlTRAL HISTORY OF CLAY ” 

“niimsH CLAvrs, shales ahd 

“ CmEUT CONCRErE AND UIllCKS” ETC. El’C. 


LONDON 


CONSTABLE k COMPANY LTD. 

10 ORANGE STREET, LEICESTEB SQUARE, W'.C, 

191s 


Jill rights rmervM 




9y^' 


% 





CONTENTS' 


miRODUCTION 

PAGE 

TUhe Chemistry of Carbon and Silicon . ... 1 

Section I. 

Historical Eeview of Existing Theories concerning the Constitution of 
the Aluminosilicates and other Silicates . . . • 3 

The theories of Berzelius, Smithson, and D^bereiner. The theories of 
Wartha, Haushofer, Safarik. Tschermak’s Felspar Theory. The concep- 
tion of the acid nature of aluminosilicates hy Bonsdorh, Schaerer, Ber- 
zelius, Bodecker, Odling, Wartha, and Braans. The acid nature of alnmina 
in aluminosilicates according to Yemadsky and the attempts made by 
him to devise a general Chemical System of aluminosilicates. Modem 
theories of aluminosilicates, including those of HammelBberg, Groth, 
Clarke, Tschermak, Sawtschenko, Goldschnoidt, Bombicci, Brauns, Mellor 
and Holdcroft, Yemadsky, PukaU> Morozewicz and Dalkuhara. 


Section II. 

Critical Examinaxlon of Existing Theories conceming Alumina-silicates 

Are the aluminosilicates salts of the silicic acids ? Are the alumino- 
silicates double salts ? Are the aluminosilicates molecular combinations ? 

Are the aluminosilicates isomorphous mixtures ? Are the alumino- 
silicates complex acids or the salts of such acids ? The chemical nature 
of the complex acids and their salts as shown by chemical and physio- 
chemical investigations. Ostwald’s definition of double salts and com- 
plexes and the behaviour of silico-molybdates and sulpho-molybdates ha 
aqueous solutions. The course of reaction in the formation of complex 
acids according to Blomstrand and Friedheim. The disadvantages of Blom- 
strand and Friedheim’s theories. The facts for and against the complex 
nature of the aluminosilicates. The results which f olbw from the various 
theories concerning aluminosilicates. Clarke’s formulae for alummo- 
silicates. The constitution of Phakelite according to Groth, Eammels- 
herg, Thugutt, and Vernadsky, The constitution of .Potash Falspaa* 
according to Tschermak, Greth, Clarke, Thugutt, Bammelsberg, Wartha, ** 
Yemadsky, Zulkowski, Haushofer and Mellor and Holdcroft. The xemdta 
of the foregoing critical examination and the possibility that the opposi- 
tion of some hypotheses to the complex nature of the aluminosilicates is 
only superficial. 

Section IIL 

A Hypothesis concerning the Bonding of the Atoms in Alimiixiosilicates 
and Allied Oampounds . . . . . . ^0 

Two new radicals — Hexite and Bentite, A structural chemieal representa- 
tion of the complex aluminosilicic acids antf their anhydrides based on 
* the uH© of h^te and pentite radicals of silicon and aluanmiuna. 


viii CONTENTS 

The Consequences of the *‘Hexite-Pentite Theory," and the Fjicts 
X The Eeactions during Double Decomposition 

Lemberg’s researches. 

11. The Genetic Relationship between the various Aluminosilicates 

The researches of Lemberg, Thugutt, and Friedel. The Pseudomor- 
phons processes. Table showing the changes observable in alumino- 
silicates in nature. 

III. The Possibility of a Chemical System of Aluminosilicates 

The Clintonite group. The Mica ^oup. The Scapolite group. The 
Orthochlorite group- The Tourmalme group. The Felspars. 

IV- The Variable Chemical Behaviour of part of the Jtluminiuin in 

Kaolin, Kepheline, and in the Epidotes ... 

The variable chemical behaviour of part of the hydroxyl in the Topazes 
and of the aluminium in the Granites. 

V- The Minimnm Molecular Weight of Aluminosilicates 

The minimum molecular weight of alximinosilicate in connection with 
Lemberg’s researches. The minimum molecular weight in connection 
with Thugutt’s work on potash, felspar, the mesolites, and the sodalites. 

VI. The Constitution of Andesite . . ... 

VII. The Possibility of Isomerism . . ... 

Basic Isomerism. Ring Isomerism. Isomerism iu potash and soda 
felspars. Two isomeric sodahtes. 

VIII. Water of Crystallisation and of Constitution ; Basic and Acid 
Water . . . . . ... 

The structural formulae of the ^leolites ; Xaumonfcite, Thomsonite, 
Hydronephelite, Heulandite, Epistilbite, Stilbite, Faujasite, Scoleszites, 
Poresite and Natrolite, etc., according to Clarke, Friedel, Mallard, 
Rinne, Damour, Sommerfeldt, van Bemmelen, Doelter, Henry, and 
others. 

IX. Prognoses . . .... 

Base Prognoses. Ring Prognoses. The theoretically possible Arden- 
nites. The theoretically possible Sapphirines. The structure of How- 
, lite, Avasite, MCarite, Ptiolite, and Mordennite. 

X^ The Constitution of the Complexes of Molybdenum and Tungsten 

a- and j8-Ck)mpIexes of Molybdenum and Tungsten. Evidence in sup- 
port of the structural chemical representation of molybdic and tungstic 
complexes. The results of researches by Friedheim and his associates. 
The action of molybdic acid on various vanadates and of vanadates on 
molybdates. The action of molybdic acid on various phoaphatea. 
Th© action of molybdic acid on arsenates. The genetic relationship 
^ between the various vanadinomolybdates. The most stable types of 

vanadinomolybdates and aluminosilieates. The genetic relationship 
between a- and /S-phoj^ho-molybdo conaplexes. The genetic relation- 
ship between the arseno-molyhdates. The difl’erent behaviour of the 
compounds 2 RjjO * VgOj • 4 WO3 and 4 RjO • 3 ¥2^5 • 12 WO3 to- 
wards acids in the light of IViedheiin’s and the Hexite-Pentite theories. 
The constitution of the Silicotungstates. The isomeric silicotungstio 
acids and silicotungstate®. The dimorphism of the potash salt KgO • 

2 H2O * Si02 * 12 WOs • 7 HjO in the light of the Hexite-Pentit© theory. 


nA-QB 

38 

38 

40 

47 

51 

56 

62 

63 

65 

73 

78 



CONTENTS' ix 

PAGE 

Systematic Revie'W' of a Series of ^-Complexes of Malybdenum . and 

Tungsten . . . . . . . . j 96 

Alrnninomolybdates Il20-Al2C>3* 10 MoO^^ Borotungstates 2 • 

B2O3 • 10 WOft. SilieotungBtates 4 R^O * SiOg • 10 WO3. Platino- 
molybdates 4 * PtOg * 10 M0O3. Platinotimgstates 4 RjC *■ PtO^ • 

10 WO3. Aluminomolybdates 3 3I2O • Al^Oa . 12 M0O3. Chromomolyb- 
dates 3 RoO • Cr^Oa • 12 M0O3. Borotungstates 4 BoO • P2C3. 12^^08 
Silicomolybrlates 2 RjO • SiOj * 12 M0O3. Silicomo'lybdates 4 * 

Si02 * 12 MoOg. Silieotuiigstates 4 RjO • Si02 * WO3. Zirkono- 
molybdates 2 • ZrOg * i2 M0O3. ''Ktanomolyb dates 2 “ TiOa * 

12 M0O3. I-^hosphotimgstates 2 R2O • P2C^5 ‘ 12 WOg. lodoniolybdates 
5 RoO • I2O7 * 12 M0O3. Phosphomolybdates II2O * P2f^5 * 15 M0O3. 
Manganomolybdates 5 R^O • MnoOg • 16 M0O3. Phosphomolybdates 
3 RgO • P2O6 * 16 iMoOg. Phosphotungstates t> R2C • P-jOu • 10 WO3. 
Phosphomolybdates 3 R.2O • P2O 6*18 MoOo. Pbosplio tungstates 6 RaO* 

P2O5 • 18 WO 3. Arsenomolybdates 6 RgO • AS2O 5 • 18 M0O3. Phos- 
phomolybdates 7 R2O • P2O5 • 20 M0O3. Phoepho tungstates 6 RgO • 

PnOj • 20 WO3. Arsenomolybdates 3 R3O • ASsOg • 20 M0O3. Phos- 
phomolybdates 7 RjO • PaClg • 22 WO 3. Phosphomolybdates G B^O * 

P2O5 • 24 H0O3- Phosphotiingstates 3 B2O • • 24 WO3. 

Xr. The Constitution of Clays . ... 102 

The theoretically possible aluminosilicic acids. Hydrates and An- 
hydrides. Isomeric aluminosilicic acids. Water of crystallisation and 
of constitution. The minerals of the Allophane group as examples of 
hydro-aluminosilicates. The water of crystallisation and of constibiv- 
tion in the minerals of the Allophane group. The maximum of water 
of constitution i'n minerals of the Allophane group. Formulation of a 
series of analysos of washed clays. The acid character of the clays shown 
X')y their chemical properties. The unitary nature of clays according to 
€. M^ne. The behaviour of clays towards concentrated sulphuric acid. 

“ Clay substance.” The constitution of clays according to Forch- 
hammer. The value of “ rational analyses ” according to Mollor and 
Holdcroft, Seger, Brongniart, and Malaguti. Definition of “disdyna- 
mised ” and “ dynamised ” substances. Vitrifeation of clays. Second- 
ary valencies of oxygen in clays. Effect of heat on clay, according to 
Rieke, and Mellor and Holdcroft. Polymerisation of Alumina. The 
chemical changes occurring in the burning of clays. Isomerism and 
Polymerism of Kaolin. Tlie H.P. theory and the Facts. Pukall’s re- 
searches on Kaolin. The behaviour of Pukall’s sodium ^-kaolinates to- 
wards carbonic acid and towards hydrochloric acid. Mellor and Hold- 
croft’s researches on Kaolin. The melting point of clays and other 
aluminosilicates. Relation between Melting I^oint and Composition 
of Clays. Mineralisers. Plasticity. A new theory of plasticity. The 
Colour of Bricks. 

Xn. Hltramariiies . . . . . 136 

Historical Review. A new theory of the ultramarines. Two Idnds of 
hydroxyls in hydro -aluminosilicates of the type Hja i (^i * A1 • 

A 1 ' Si), viz. a and ^-hydroxyls. The roplaceability of hydrogen In the 
n-hydroxyls by acid residues. The curious property of the compounds 

Hsg M4 (^i • i?l • A1 - sl) discovered by Silber, The ultramarines as 
A- and X-aluminosilioates. The r 61 © of the group S^O? in ultra- 
marines. Sulphonatos. The Sujphonates as Chrom^hores. The ’ 
changes in the intensity of colour (Sohiltz). The relationship between, 
colour and constitution (E. Nietzki and others). The HexitefPentite ^ 
Theory of Ultramarines and the facts. Theoretically possibly ultra- 
marines. New formuloe calculate^ from analyses of ultramarines. 
Aluminosilicabes from which ultramarine cannot be made. Ultra- * 
marihos of di0erent colours, and their constitutions. |8omerio uitifa- 
marines. The behaviour of ultramarines towards salt sblutions. Tne 
behaviour of ultramarines at high temperatures. The Sulphonat© groups^ 
i 0 . 


■p 


CONTENTS 


* V 


' l» 

' 4 '-’ 

I*'' ■ 


and the colour of ultramarines. The behaviour of ultramarine towards 
acids." The maximum contents of base in ultramarines. The minimum 
moleculaT weight of ultramarine compounds. The minimum molecular 
. weight of “ Ultramarine blue,” according to G-uckelberger. The ultra- 
marines as definite, single chemical compounds. Analogy between 
ultramarines and sodalites, 

XIII. A Xew Theory of Hydraulic Binding Materials and particularly 
of Portland Cements . . . . . 1<63 

Critical and Historical review of existing theories. Uicat’s theory. 
Fuchs’ theory. Winkler’s theory. Feichtinger’s theory. The hypo- 
theses respecting free lime in Portland Cement. The influence of 
Fuchs’ theory on Heldt, on. Chatoney and Rivot, and on the investiga- 
tions made in order to ascertain the constitution of the Portland cements. 

The theories of Le Chatelier, Newberry Bros., Kosmann, Jex, Erd- 
menger, Hardt, Schonaieh-Carolath, Schott, Zsigmondy, Meyer- 
Mahlstatt, and Bohland. The microscopical examination of clinker. 
Portland cements as definite, single chemical compounds. The chemical 
constitution of Portland cements. The r61e of the ^-hydroxyls in the 

compound H 20 (& • A1 • A1 • i^i) in the synthesis of Portland cements. 
Hydro- and anhydro-basic side-chains. The course of reaction in the 
formation of Portland cements and the influence of the time and tem- 
perature of the burning. Sintered and fused cements. The changes 
which take place during the granulation of slags and the production of 
slag-cements. Lunge’s research on granulated and non-granulated 
slags. Allen and Shepherd’s criticisms. The constitution of slags. A 
new theory of hardening. The new theory and the facts. The r61e of 
soluble ” silica in the hardening of cements. The causes of hardening 
of Portland cements. Zulkowski’s theory of hardening. The conse- 
quences of the. new theory of Portland cements and the facts. New 
formulae calculated from analyses of Portland cements. Stoichiometric 
representation of the absorption of water by cement. Regular increase 
■of water-cpntent on .hydration of cements. The results of Peichtinger’s 
researches on certain hydraulites; silicate-water, calcium hydroxide 
water, and water of crystallisation. Feichtinger’s researches as evidence 
for the non-existence of free lime in Portland cements. The possibility 
of regenerating certain hardened cements and Feichtinger’s researches 
■ thereon. Hydration and evolution of heat. Ostwald’s thermo-chemical 
investigations on cements. The transition of primary types into 
secondary ones in Portland cements and Peichtinger’s researches thereon. 

The separation of lime in hydraulites in accordance with certain stoichio- 
metrical law4. The hardening power of hydraulites after removal of 
defimte propb 0 ddons of the Kme. The maximum contents of silicate- 
watOT and calcium hydroxide water. The second setting of previously 
hardened masses which have been re-ground. The cause of “ soluble 
silica” in hydra^tes. The behaviour of hydraulites towards strong 
, acids, The possibility of isomerism in cements. Prognoses of the pro- 

portions of chalk arid clay in the raw mixture. A new solution of the 
4 Sea water problffim. Thevalueof cements which contain no a-hydroxyls, 
e^edally for maritime work. Prognoses of ultramarine cements. 

. 3p!V. A New Theory of the Porcelain Cements as used for Dental 

I . • . . . . . 19^ 

, The first porcelain cement (Fletcher’s). The use of porcelain cements 
in dentis^y (Morgenstem), The chemical composition of porcelain 
, cements. The properties of an ideal dental stopping (Miller). The 
, ■value of a scientifically-founded theory of porcelain cements for the pro- 
ducticn of^ dental stoppings. Laboratory tests on porcelain cements. 

The superiority of porcelain cements, over ivory and natural dental 
enamel so far as resistance to acids is concerned, and the use of this in 
solving the prohlems of the course of reaction in the hardening of such 
^ cements. (^Mcal review of the various theories of hardening of poroe- 
“ * cemen'ts. The chief cause of failure of poxcelain cements, according 




m 


m. 





CONTENTS 


XI 

PAGE 


to Jxing and JMcrgenstern. Kulka’s, Rawitzer and Apfelstadfc’s theories 
of hardening. Are porcelain cements single, definite chemical com- 
pounds ? The composition of porcelain cements as shown hy Patent 
Specifications. A physio-chemical theory of the hardening of porcelain 
cements. The chemical constitution of porcelain cements. The r61e of 
the 5-hydrogen in hydro-aluminosilicates in the synthesis of porcelain 
cements. The dijfference between Portland and porcelain cements. 

The acido- and baso-philism of aluminosilicates. The acidophilism of 
the a- and 5-hydrogen. The different binding power of fluorine in topazes. 

The acido- and haso-philism of the artificial zeolites studied by Gans. 

The amphochromatophilism of Kaolin (Hundeshagen). The acido- and 
basophilism of kaolin in the production of colour lakes. The acido- 
and baso-philism of kaolin as deduced from the constitution of the ultra- 
marines- The physico-chemical reactions during the hardening of 
porcelain cements. The A- and 2-porcolain. cements. The course of 
hydration. The course of condensation. The constitution of the 
hardened A- and S-cements. The lamellar hardening of dental cements. 

The consequences of the theory and the facts. Calculation of formulae 
from analyses of porcelain cements. The absorption of water during 
hardening must be in stoichiometric proportions. Prognoses of silicate, 
basic and crystallisation water in porcelain cements. The progressive 
hydration of porcelain cements. Factors which affect the time of 
hardening of porcelain cements. The high resistance of porcelain 
cements to acids explained by the new theory of hardening. The toxic 
action of A-cements on the dental nerve-substance (pulpa). The non- 
separation of base from A-cements by the cement acid. Two kinds of 
zinc phosphate cements : A- and S-zinc phosphate cements. Miller’s and 
Black’s physiologico-chemical experiences with A- and S-zinc phosphate 
cements and the consequence deducible therefrom, The hardened A- 
cements as “slumbering volcanoes.” Cause of neurotropy found in 
alumino-phbsphoric acids and Ehrlich’s theory. Definition of neuro- 
tropy, The facts in favour of Ehrlich’s theory of the chemical nature 
of toxinea. The chemical relationship between nerve-fibres and alumino- 
phosphoric acids. Mordanting animal filbres. Siem’s and Dollken’s 
researches on aluminous poisons. Does the acid reliction of an aqueous 
solution of a metallic salt imply hydrolysis, i.e. the presence of a free 
acid ? The proof of non-hydrolysis of a series of solutions with metallic 
salts with an acid rearCtion by means of conductivity determinations 
and spectrum analysis. Practical experiences of the physiologico-chemi- 
cal action of A-cements. llesearches made with a view to re^^cing the 
poisonous nature of A-porcelain cements by empirical rules and the 
value of such rules. Pawels’ direct proof of the poisonous action of 
strong acids on the pnlpa by means of experiments on animals. Tech- 
nical demand for improvements in A-cements. Dental decay as the 
cause of diseases of other organs. The proper method of reducing the 
poisonous action of the porcelain cements containing strong acids. 
Practical physiologico-chemical experience of 2-cements. 

XV. A New Theory of Glass, Glazes, and Porcelain . . . 236 

The chemical constitution of glasses. Isomerism in glasses. Explanation 
of cause of variable depression of the zero point in thermometers made 
of certain glasses, y-comploxcs as glasses and their useful properties. 

The behaviour of glasses towards water and acids. Devitriftoation. ' 
The chemical constitution of coloured glasses. Witt’s theofy. The 
H.P. theory and the facts. Calculation of formulae from a series of 
analyses of glasses, glazes, and porcelains. ' 

XVI. The Hexite-Pentite Theory as a General Theory of OheMcal 
Compounds . . . . . ... 

A. The H.P. Theory and the Composition of the Metal-ammonias and 

allied Chemical Compounds , . . . 256 

The disadvantages of existing structural formula of the Baatal-ammoniEis, 
cyanides, etc., according to Kohlsch^tter. Werner’s theory of molecular 
compounds. 


xii 


CONTENTS 


. PAGE 

B. The H.P. Theory and Water of Crystallisation ” . . 

The valency of oxygen. The molechJar weight of water. Water-hexifce 
and pentit^. Hydro-altmiinosilicates. Hydro-ferrosulphates. ^ The 
water of erystallisation m!a^nins. The water of crystallisation in chromo- 
snlphuric acids. 

C. The H.P. Theory and the Dissociatiort Hypothesis of Arrhehtus , 256 

D. The H.P. Theory^ and the Constitution of Simple Acids . . 258 

Salts ofjfthejacids * H 4 (P 03 )rt, H ‘ and lji 2 ' H*(P 03 )ie. 

Salts of the general formula 2R"0 • SNajO • M PoCs * ciq. Hexite for-* 
mation of niobic and tantalic acid. Hexite and Pentite formation of’ 
tungstic acid. Hexite and Pentite formation of the oxygen free acids. 

E. The H.P. Theory and the Carbon Compounds . ^ . . .271 

Carbon and Silicon Hexites and Pentites devoid of oxygen. Chromiupa 
hexites, 

F. The H.P. Theory and the Constitution of the Chemical Atoms: , 

The Archid Hypothesis . ^ I , . . .273 

The conseq-uenoes of the Archid Hypothesis and the Facts. 

(а) The Valencies of the chemical atoms. Atoms with constant and 

variable valencies. The ^lency of nitrogen. The valency of 
carbon. The minor valencies of carbon. 

(б) Homologous series of atoms. ■■ 

(c) The cause of radio-activity and the work of the alchemists. 


SeoIuqn it. 

The Conversion of the H.P. Theory into a Stereo-chemical Theory and 
the Comhination of the latter with the Modem Theory of the Structure 
of Crystals . . . . ^ . . . . 2B1 

(а) Critical Review of Existing Stereo-chemical Theories . . . 281 

The Hypotheses of van’t Ho:ff and Le Bel. The stereo-chemical theories 
of Wemprl'and Hantzsch, Schrauf, Fock, Oroth, Hunt, Tut ton, Herz, 
Doelter and Vuduik, Vogt, van’t Hoff, and Becke. 

(б) The Modem Theory of the Structnre of Crystals and the Possi- 

bility of Combinations of the same with Structural Chemical 


Theories . . . . . . . 285 

<c) Stereo-hexites and pentites, ox a Stereo-chemical Theory - . 280 

(d) The Hexite-Pentite La-w . , . . . . 289 

(e) Comhination of the Stereo-Hezite^Pentite Theory with Modem 

Theory of Structure of Crystals . . . . 289 

if) The St^eo-Hexite-Pentite. Theory and tie Pacts - . . 200 

A. Dimorphism and Polymorphism and Hauy's Law . . , 2S0 


The cai^e of dimorphism in compounds with the empirical f oimula TeS «. 
P^cussioa between BerthoHet and Bauy. Hitscherlich on Hauy’s law. 
Geuther’fi representation of the dimorphism of CaCO^. Lehmann on 
Hauy’s law. r 

B. Isomorphism in the Light of the SiH.P. Theoiy . . . 294: 

The geometrife constants of isomorplous compounds. The isomorphism 
©f minerals of the Felspar ^oup and Tschermak’s theory. Schiister’s 
optical examination of plagioclase. The structure of albite and anorthito 



CONTENTS 


xiii 

PAGE 

‘ according to Clarke and Groth. Isomorphism and the theories of Jannasch 
and Clarke. The structure of felspars in the light of the H.P. theory. 

The cause of isomorphism in various groups of silicates according to 
Hetgers. The influence of Tschermak’s felspar theory on the structural 
representation of chemical compounds. Peek’s mixed crystals of the 
ammonium salt (NH4)20 • SgOg • IJHgO with salts of the general formula 
• S2O5 • h H2O. Ramnaelsherg’s protest against ^he general applica- 
tion of Tschermak’s felspar theory. . The theories of isomorphous mixtures 
and the facts opposed to it. Retgers’ attempt to produce mixed crystals 
.from the salts •KH2PO4 and (H'il4)H2P04. Tammann’s researches on 
hexa- penta- and the 1 6-phosphoric acids. Isomorphism of minerals of 
the epidote group. Schultze’s research on the production of mixed crystals 
from PbMo64 and PbCrOi. Berthollet’s views and the theory of isomor- 
phous mi3ctures. The discussion between Proust and Beithollet and the 
result of modern work. . 

C. The Dependence of the Geometric Constants on the Side-chains . 305 

The influence of the water of crystallisation in the form of crystals. The 
crystalline forms of uxano-acetate according to Rammelsberg and to the 
S.H.P. Theory. Muthmann and Beoke’s topical parameter and the dis- 
tance of molecules from ead^ other iur a crystal. The influence of the side- 
chains on the crystalline form of benzene derivatives, according to Groth. 

The Structural Formula of Benzene according to the S.H.P. Theory . 309 

The unequal values of the six hydrogen atoms in benzene. Ladenburg’a 
views on the disadvantages of Kekul4’s formula for benzene. Claus’ 
formula for benzene. Armstrong’s and von Baeyer’s centric formula for 
benzene. The stability of benzene and hydrated benzenes in the light of 
the H.P. theory. The relationship between the compounds of the aromatic 
and aliphatic series. 

D. The Optiijal Properties of Crystals and the S.H.P. Theory .312 

The relationship between crystalline forms and physical properties. 
Enantiomorphic crystals. Abnormal optical behaviour of the alums. The 
cause of circular polarisation in some crystals according to Groth. The 
production of circular polarisation by means of sheets of mica (Beusch). 

The dependence of circular polarisation on chemical constitution. The 
ciipular polarisation of organic compounds with asymmetric carbon atonxs 
according to vsm’t Hofi and He Bel. The optical behaviour of pure and 
mixed alums accordiilg to Brauns. Sohneke’s explanation of the cause of 
circular polarisation. The cause of circular polarisation in the light of the 
S.H.P. Theory. 

E. The Dependence of the Geometrical Coostants on the Temperature 316 

Formation of calcite from aragonite, according to Bose and Klein. The 
change in crystalline form on increase of temperature, according to Leh- 


mann. 

F. Molecular Volumes and the S.H.P. Theory « ... B17 

Summary and Conclusions . - * ' • . .318 

The H.P. Theory and its critics. The value of the H.P. Theory. The 
value of the S.H.P. Theory. The aim of Science. 

Bibliography of references mentioned in text . ... 32a 

Appendix . . . . . 34a 

Formula and Analyses . . . . 341 


Formulas calculated from LemFerg's ejqperimenits. Calculation of Formu- 
la of the Topazes. Caloulation of Formuto of the Epidotes. Calculation of 


XIV 


CONTENTS 


PAGE 



FormulsB of the Grianites. Calcialation of Pormnlae of the JMesolites. Cal- 
ctilation of Formtilse of the Clintonites. Calculation of Formulae of the 
Micas. Calculation of Formulae of the Scapolites, Calculation of For- 
mulae of the Orthochlorites. Calculation of Formulae of the Tourmalines. 
Calculation of Formulae of the Felspars. Calculation of Formulae of Clays. 
Behaviour of a Series of Dried Clays towards Sulphuric acid (Bischof). 
Calculation of Forpoulae from analyses of Ultramarines. Calculation of 
Formulae from analyses of Portland cements. 

Bibliography of references in Appendix . ... 437 










LIBKABT 




*' \ ,. 




PREFACE 

I N tke year 1903, the ]?aculty of Philosophy in the University of 
Gottingen proposed the following thesis in connection with the 
Benek Bequest : 

A critical examination ^ based on experimental evidence^ is to he made 
of such chemical compounds as cannot he satisfactorily explained by the 
usual means^ This examination should also take into special consider- 
ation the extent to which the introduction of molecular additions is of 
importance in the formation of such compounds, and whether it is possible 
to devise a complete systematic arrangement of such compounds. 

Under the motto : 

^^HdpTa (Oeo?) perpip /cal apidpip /cat (rra^pw Siera^e'^ 

the authors submitted a thesis which forms part of the present volume, 
viz. pp. 1 to 102 and the Appendix. The solution of the problem was 
admittedly incomplete, inasmuch as only a single branch of the subject 
— ^the silicates — ^was taken into consideration. Tor this reason the 
Paculty did not grant the first prize to this thesis, but readily granted 
the second prize in recognition of fruitful labours leading to a single 
theory covering a very important group of complex compounds.’’ 

In this w^ay an established theory — ^the Hexite-Pentite Theory — 
was devised for one highly important group of complex compounds — 
the silicates. 

With this theory in mind, it was only natural to apply it to a series 
of silicates of technical and commercial value, such as the ultramarines, 
Portland, slag, dental and other siliceous cements, glass, glazes, porce- 
lain, etc., in order, if possible, to elucidate their consliitution. This 
has been eSected since the original thesis was first written, and the 
results are published in the following pages. 

Commencing with the assumption that Nature has formed all sub- 
stances in accordance with monistic laws, the Hexite-Pentite Theory 
has also been applied to the study of the structure of other com|)lexes 
as well as to that of solutions of the simpler acids, etc., and it has also 
been employed, in connection with the constitution of organic com- 
pounds, to form a bridge between organic and inorganic chemistry. 
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la ordex to take iato consideration the positions which atoms occupy 
in s|^oe (a factor which is omitted from most theories of chemical 
stmctare) the Hexite-Pentite Theory has also been developed, in 
comhiaatioa with the modern theory of the structure of crystals, into 
a stereo-ohemical theory. 

The German edition of this work was published late in 1 911, but for 
some unexplained reason almost every reviewer of that edition failed 
to appreciate the advantages which may be derived from this theory, 
and with a few exceptions they have overlooked the fact that the 
Hexite-Pentite Theory — as distinct from older ones — ^is concerned 
especially with inorganic chemistry, and that it has the following 
characteristics : 

The Hexite-Pentite Theory is a general and unitary theory ; it is 
based on a single truth — ^i-e. on a natural law found by inductive 
reasoning ; it leads par erxdlence to prognoses, and therefore permits 
of deductive reasoning — ^the combination being a clear sign of a true 
theory — and it is, in addition, based on the methods of the most 
famous classical chemists. Moreover, it comprehends the best of the 
existing theories or explains their deficiencies, and is, above all, a 
definitely stereo-chemical theory. 

To enter into a complete reply to the various critics would occupy 
too much space in the present volume, and as the publication of the 
present edition has occupied more than a year on account of the 
additional matter retjuired — ^much of which is due to the kind sug- 
gestions of the translator — ^the authors Lave decided to publish the 
greater part of their reply to critics in a separate volume to be issued 
shortly under the title “ The Structure of Matter. At the same time it 
will be noted that the chief criticisms have been met in the present 
edition, though the following are conveniently noted in the Preface 
rather than in the text. 

A number of critics adopt the remarkable view that the compre- 
hensiveness and unitary nature of the Hexite-Pentite Theory are a 
disadvantage ! This is speciaEy the case with C. H. Desch’®®, 
Allen and Shepherd^^^, C. Doelter Handb. d. Mmerabhemie Yet 
comprehensiveness and unitary nature are essential characteristics of 
any general theory. 'No less an authority than Berthollet has declared 
that the advantage of a general over a special theory is that the former 
has certain characteristics, which axe precisely the ones possessed by 
the Hexite-Pentite Theory. InGhnelHn-ICxaut’s *^®Eandbuch ” and other 
classical text-books it is admitted that the object of investigation is 
to produce a complete theory of chemistry from which all natural laws 
affecting chemical reactions can be predicted or explained. In short. 
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the comprehensiveness of the Hexite-Pentite Theory is a positive 
advantage and an indication of its truth. 

The earliest opponents to a unitary nature or monism in chemistry 
were the French investigators Laurent and Gerhardt. Mendelejeff and 
his associates, on the contrary, are in favour of a monistic theory. 
Elomstrand, Ostwald, Nernst, Markownikofi and many other well- 
known chemists have often pointed out the fallacy of the conception 
of the existence of molecular compounds, and these scientists are 
therefore in favour of a unitary view. One of the reasons why a portion 
of the present work was granted a prize by the Faculty of the Univer- 
sity of Gottingen was that in it the investigation leads to a unitary 
conception of the silicates. 

One of the most valuable features of the Hexite-Pentite Theory is 
that it effectively disposes of the necessity for any dualistic conception 
of matter. 

The classification of matter into chemical com'po'HTids and the so- 
called iaomoT'j^hovis mixtures or solid solutions^ as is so commonly done 
at the present time, leads to the conclusion that there are some excep- 
tions to natural laws. Yet when an exception is found to a natural 
law this is only an indication that the terms in which the law is ex- 
pressed must be altered so that it may include the apparent exception. 
Where this cannot he done the law ” must be regarded as imperfectly 
understood. As Spinoza has remarked, “ No sane man will believe 
that Nature is limited in her powers and that natural laws are of limited 
and not of general application.” The correctness of Spinoza’s teaching 
is clearly shown by the small results which have heen obtained from 
the application of the dualistic or pluralistic theory of matter, i.e. by 
regarding certain complex compounds as mixtures. Thus, W. J. 
Miiller and JT. Konigsherger’’®, in studying the work of Day and his 
associates in Washington and of Doelter in Tienna, point out that 
notwithstanding the skill and expense involved, “ the results of these 
investigations do not appear to be commensurate with the labour 
involved.” Miiller and Konigsberger attribute this to the absence of 
analogy between the materials investigated and those used in other 
branches of chemistry, hut the Hexite-Pentite Theory shows that there 
is an abundance of analogies, and that the true reason for the paucity 
of results of theoretical value from the Washington and Vienna Insti- 
tutes is to be found in the erroneous pluralistic view of matter which 
is held by those in charge. 

The constitution of Portland cement has been the subject of investi- 
gation for nearly a century, without any definitely satisfactory result. 
This is due to precisely the same cause — ^the persistent maintenance 
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of a pluralistic^r ^:^ixture theory and the neglect or repression of all 
inforination or suggestions to the contrary. The attitude of many 
supporters of the mixture theories of Portland cements is far from 
aeientific, and notwithstanding the abundance of proof of a chemical 
nature in favour of the Hexite-Pentite Theory, those in favour of a 
pluralistic conception of chemical substances still pin their faith to the 
very slender microscopical evidence on which their theories are based. 

One extraordinary ‘‘ result of following out the mixture theory in 
the case of Portland cement is in the experience of two French engineers 
— Ohatony and Rivot (see p. 156 in the text) — at whose instance 
extensive maritime works were . constructed. The^ panic amongst 
French and other constructional engineers which resulted from the 
destruction of these structures can better be imagined than described ! 

The pluralistic conception of chemical substances has also been the 
cause of a number of serious accidents and bad results in medical 
chemistry. Thus, in the opinion of the authors, the pathology of many 
diseases such as diabetes, cancer, tuberculosis, etc., must remain very 
incomplete, and the nature and causes of these complaints must be 
completely misunderstood, so long as the pluralistic conception of 
matter is mainta.med. An interesting example of this is found in the 
toxic action of certain dental stoppings which are fully described in 
the following pages. ^So firmly has the mixture theory been held that 
the opposition to these toxic cements was almost devoid of results, and 
this theory still exerts a considerable amount of influence, notwith- 
standing the fact that the authors have not merely shown the causes 
of the toxic action, hut th^ way to prevent it, and have placed perfectly 
satisfactory and non-poisonous dental cements, made in accordance 
with the Hexite-Pentite Theory, on the market. The continued 
maii3|mance of the pluralistic conception of matter in medicine 
is, therefore, even more dangerous than it is in industry. 

Among the various critics, it is pleasing to turn from those who have 
reviewed the fihst edition of this book in a careless or pai:tial manner 
to greater scientists like Wilhehn Ostwald’®°, who states, The 
authors commenced with an explanation of the constitution of the 
clays and allied substances, hut passed on from one branch of chemistry 
to another until they have eventually been able to illuminate an 
astonishingly large number of difierent facts, all of which are regarded 
from the same point of view.’' That so able a chemist as Ostwald should 
describe the present work in such glowing terms is particularly gratify- 
ing to the authors, more especially as Ostwald had the opportunity, as 
a 'student of Lemberg’s, of knowing the remarkable jiains which 
Lemberg took in the prosecution of his investigations — studies which 
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j>roved iavaluable as a source of experimental evidence with 

iotk. -felie Hexite-Pentite Theory is in complete agreement. Ostwald 
goess so far as to state that “ as an observer for many years of the 
I' *'‘'J'clu.c-fcion and development of many scientific theories and works I 

• iri.ot a..Toid declaring the present one as most unusual. Let us give 

** ii welcome to these young and energetic investigators and assure 

' Irtrm filnat the further results of their work will he watched with the 
W iAtessli interest.” 

I n. tlnis connection it is interesting to recall the regret which Landolt 
•’^1 *r<jss€!<d that his friend Kekul^ did not live long enough to see this 
»*«*w t.3ci-u.xnph of his Benzene Theory, for the Hexite-Pentite Theory 
t*© 'very definitely regarded as an extension and development of 
I>.a,ltc)n-Kekule teaching. In a letter, Landolt also expressed his 

• opinion that, sooner or later, the Hexite-Pentite Theory must 

up by chemists in every branch of the subject. The remark- 
rc3sxilts which followed the synthesis of various scents, anaesthetics, 
» Cite .—all of which are primarily due to the Kekul6 Theory — are 

** I evidence in favour of the Hexite-Pentite Theory, for Kekuld’s 

• littfirjT’y is essentially a part of the Hexite-Pentite Theory. 

EShtrlich’s Side-chain Theory is, in a similar manner, another part 
« •! t, He Hexite-Pentite Theory, and the enormous value of Ehrlich’s 
t latjoiry iix physiological chemistry is already recognised by specialists 
» <» t H i» STxh ject. 

I fc i.s a-lso interesting to observe that the facts which have led to the 
♦ ^ilcifeejrg-Waage Theory are also direct conseq^uences of the Hexite- 
f V'latite Theory. 

JEV’exx Newton’s law of gravitation has an interesting connection 
tlh© Hexite-Pentite Theory. 

Tjhi© subject of colloids, which is attracting a large amount of 
« t^s-rxtioxx at the present time, is exceptionally well illuminated by the 
f tn-TScifies-Teatite Uheory, and the authors had intended to include a 
» «#ii»ii<dL«ra*ble amount of information on this subject in the present work. 

d.rao.o'iaittt of space occupied would he so great as to make the present 
w'wlotnao iiaconveniently large, however, and would so seriously delay 
«<( ♦« joxafolioation that this subject must he dealt with in a subsequent 
% ,rj.ll.ai 3 a« 3 . Lhe reader’s attention is, however, called to the subjects of 
« «■ *» eanitbs and coloured glasses — discussed somewhat fully in the present 

% ^for hitherto the constitution of these has usually been ex- 

I „|i*i xicscJ. in terms of colloids. Such au explauation is highly individual- 
« i** ixrxA cannot be applied to cements hr glasses as a whole, so that 
*«**.rxn.oti be regarded as areally scientific hypothesis. By means of 
t t#iis Jle xit>«-Peutite Theory, on the contrary, the cause of the colour of 
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certain glasses is explained in a manner precisely analogous to that in 
certain coloured organic compounds, wherein the colour is known to 
be due to the arrangement of the atoms. 

In preparing this English edition, the a uthors have had the inestim- 
able advantage of the assistance of a well-known authority on clays 
and other silicates, and they hereby wish to express their indebtedness 
to him, not only for the manner in which he has executed the transla- 
tion, hut also for his kindness in making numerous and valuable 
suggestions and criticisms and for the various additions (printed in 
smaller type for their better distinction) due to his special knowledge 
of the subject. 


July, 1913. 


THE AUTHORS. 
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Introduction 

The (Jhemistry of Carbon and Silicon 

T he remark has fre(j[xiently been made that, -whilst the study of 
carbon compounds has reached a high state of deYelopmeat, 
comparatively little attention has been paid to that of other elements. 
A large number of chemists are engaged in studying the chemistry of 
carbon because the methods of investigation have been worked ont 
more thoroughly than those for other elements ; hecanse the inter- 
pretation of the results is clearer, and hecanse many carbon, com- 
pounds, such as the organic dyestuffs and more recently the artificial 
scents, have proved to be of enormous technical value. 

The majority of chemical theories put forward in recent years are 
based on the characteristics of carbon compounds and are modified, 
abandoned, or again become generally recognised, without the chemis- 
try of other elements having any appreciable influence upon them. 
There can be little douht that if the study of other elements had 
reached as high a state of development as that of carbon, not a few 
facts would have been discovered which would lead to oth^i constitu- 
tional formula and to fresh hypotheses and theories ; it is, indeed, 
probable that at least as many new laws would he formulated as have 
resulted from the widespread investigation of the ohemistrjf pf carbon. 
These additional laws and generalisations should be oi even greater 
value, inasmuch as they would be based upon a wider knowledge. 

Many industries should derive considerable benefit from the results 
of a more thorough study of inorganic chemistry, and new* products — 
or even new industries — would probably result. The carhide industry 
and that of the rare earths owe their existence to an increased study 
of this branch of chemistry. Other industries such as those concerned 
in the production of artificial gems, inorganit^ colours, the manu- 
facture ox employment of cement, clay, xJtramarine, glass, etc. are 
capable of extensive development through the application of scientific 
investigation to the materials used in them. 

Whilst carbon has a special interest on acccunt of its being the 
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essential constituent of all organic substances, its analogue, silicon, 
should be no less interesting as it forms the chief material in the earth’s 
crust. It probably plays a far more^mportant part in the natural 
processes of the inorganic Trorld than carbon does in the realm of 
organic substances. A moment’s thought will show the immense 
variety of chemical reactions and the enormous scale on which they 
occur in the upper layers of our planet. The form of the earth’s 
surface, the character of the mountain ranges, volcanic eruptions and 
the phenomena of solution and decomposition are all related to such 
characteristics of the widely distributed aluminosilicates as their 

I hardness, fusibility, heat-conductivity, resistance to pressure, etc. 

* These characteristics are closely related to the composition and the 
chemical nature of the elements concerned, particularly silicon. How 
great an interest a tnowledge of the structure of these compounds 
possesses, is shown by the manner in which mineralogists and chemists 
study the crystallographic, physical and chemical properties of rocks 
and by the great variety of theories which have been formulated in 
order to give some idea of the constitution of these remarkable com- 
pounds. 

lu spite of great intellectual effort and innumerable experiments — 
only a small proportion of which have been published — ^which have 
been made to draw this subject from its obscurity, little progress has 
been made, and the silicon compounds, in spite of the fact that they 
occur in enormous quantities and are most widely distributed, must 
be included amongst those substances of whose constitution very 
little is known. 

For this reason it is thought that a fresh attempt to illumipLate 
this subject by investigating it in a purely experimental manner, as 
distinct from the more theoretical considerations of other scientists, 
may not be without value. 
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Section I 

Historical Survey of the various Theories regarding the Constitution 
of the Aluminosilicates and other Silicon Compounds 

T he scientific study of the constitution of the silicates commenced 
in the first decade of the nineteenth century when Berzelius^* 
Smithson^ and Dobereiner^ simultaneously ( 1811 ) regarded the 
silicates as salts of silicic acid or silica. Previous to this, the role played 
by sihca was, in spite of the researches by Bergemann, Klaproth, 
etc., far from clearly understood. The silicates were regarded as 
complex mixtures of various oxides and as peculiar substances quite 
distinct from other salts. Very few suggestions as to their true character 
can be found in the earlier literature ; they remained outside the general 
development of scientific knowledge, as Tachenius — who regarded the 
silicates as salts of silicic acid — endeavoured to show in the seventeenth 
century.^ 

Although the suggestion that the silicates are salts of silicic acid or 
silica was made simultaneously and independently by Berzelius, 
Smithson and Dobereiner, as already mentioned, the chief credit 
must be given to Berzelius ; Smithson contented himself with stating 
that minerals do not differ from artificially prepared compounds, 
and that the composition of the silicates can only be understood by 
regarding them as salts, and quartz as an acid. 

Dobereiner® worked on purely speculative lines, and argued that 
as silica forms salts with bases, the oxide of silicon, SiOg, should be 
termed ‘‘ silicic acid.’’ f 

Berzelius expressed himself much less decidedly, though his meaning 
was equally clear.® He stated that when two oxides combined, one 
must be regarded as electro-negative, and suggested that the nomen- 
clature of such oxides could be distinguished from that of the salts. 
Several years later he classified silica compounds into bi-silicates, tri- 
silicates, etc. according to the proportion of oxygen in the silica and 
the base, and made some very clear suggestions regarding the formation 

♦ Beferences to autlioriti6$ are given in the BibHo^aphy at the end of this volume, 
t The term suggested by pobereiner, viz. “ Kieselsaure/* is that used in 
Germany at the present day, there being no exact equivalent in German to the English 
^ord silica,” The word “ Kiesekfture ” thus represents both “ silica ” and “ sUicic 
acid,” the latter term expressing its fiaeaning exactly, though seldom used exopet where 
the acid nature of the substance is specially under consideration. — ^A. B. S. 
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of the comphcated salts of silica. At that time he was so convinced of 
the acid nature of sihca that he believed that no mmeralops 
acquainted with the chemistry of the period could 
doubt that silica was a true acid. He maintained— as Smith^n had 
done before him— that double salts eidsted in sihcates cmtamng 
Al.O. and FejOj, and pointed out the analogous nature of the al»ms 
in which silica is replaced by sulphuric acid. He also regarded the 
spinels as salts in which AljOj plays the part of an acid. These sug- 
^tions were at once accepted by scientists. _ 

By great industry, Berzelius largely extended our knowledge 
of silicates. The discovery of isomorphism by Mitscherlich and the 
inv^tigations of Bonsdorff and Rose — ^two pupils of Berzelius— con- 
firmed their master’s theories and made it possible to provide simple 


formuhe for a number of silicates. 

Through the use of a formula — ^which for sihca was written as 
SiOs, SiOg, or SiO — a great simplification occurred, though for the 
sihcates as a whole the expression of the results of chemical analyses 
by formuhe did not fulfil expectations.^ 

In 1846 Laurent® suggested that the sihcates are not salts of a 
single, but of several sihcates. He had proved the existence of several 
tungstic acids and presumed the existence of several sihcic acids of 
different chemical compositions analogous to ortho- and meta-phos- 
phoric acid. This hypothesis was accepted by scientists as soon as the 
value of the Type theory ” had become generaUy recognised. Be- 
tween 1855 and 1865 it was in great favour, and it is still held by spine 
chemists. About the time mentioned, Fremy’s work on tin-acids was 
published, and from this arose the idea of poly-sihcic acids and atihy- 
drides, which was readily adopted. This hypothesis has been pub- 
lished at various times and from various points of view by Fremy^, St. 
Hunt^®, and Wurtz^^, its clearest and most accurate form being due 
to Wurtz. Various modifications of it have been used in theoretical 
invest^tions by several scientific writers with greater or less effect, 
and there is in existence a long series of treatises, each more or less 
independent of the others, forming complex combinations of old and 
new work, by Woltzien^^, Gofowkinski^®, Odling^^, Streng^^, Lawrow^®, 
Schiff^^, Bodecker^, StMeler^®, and others. The chief result of all 
thase researches is to indicate that the theories put forward do not 
dt fctdo suffice to render the constitution of the silicates clear. So 
far as they are concerned, the problem remains unsolved in spite of 
the laj^e amount of work done in connection with it. 

A gmat advance was made by Damours^o, who was the first lo 
suggest that the water in many silicates is of the nature of “ water of 
Iconstitution,” i.e. it is an integral ingredient of the salt (silicate) 
itself. The importance of this observation was pointed out by Lau- 
Bodecker^s^ and Rammelsberg®®, and its application has greatly 
incimsed the significance of the formulae of many silicates. More 
ra^entiiy, Clarke^^ has endeavoured to explain the behaviour of a 
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series of hydrous aluminosilicates — the zeolites — at high temperatures 
by means of structural formulae. 

Many silicate formulse have been further simplified by the employ- 
ment of microscopical analysis. 

There still remained, however, a very large number of silicates 
whose constitution cannot be ascertained by means of the numerous 
inve^igations and exact analytical methods previously mentioned. 

This state of affairs naturally led to further attempts to ascertain 
the constitution of the silicates, and numerous new theories were 
formulated. Thus, Wartha^®, Haushofer^’, and Safafik^® endeavoured 
in 1873-4: to explain the chemical nature of the silicates by means of 
structural formulae. These attempts, which were based on theories of 
the structure of carbon compounds, did not lead to any definite result 
and had no appreciable influence on the development of theories 
relating to silicates. 

The felspar- theory published by Tschermak^® in the ‘‘ Transactions 
of the Vienna Academy,’’ in 1865, on the contrary, was of great im- 
portance, but was only accepted by scientists after it had been dis- 
cussed for several years.* This theory, which assumes that some of the 
felspars are formed by the mixture of two substances — albite and 
anorthite — ^is well supported by a large number of analyses, and was 
undoubtedly of great value at the time it was introduced. It not 
only facilitated the systematisation of a large number of analyses, 
but explained the relationship between certain physical characters 
and the chemical composition of several sihcates. 

In Tschermak’s theory the purely chemical functions of the 
sffileates are not considered ; this is its great weakness, and for this 
reason this theory was only accepted by scientists for want of a better 
interpretation of the results of innumerable analyses of felspars. This 
difficulty existed until quite recently, for in Mineralogy there are a 
number of similar theories in which the chemical characteristics of the 
compounds concerned are entirely disregarded, as in the ordinary 
theories of the chemical nature of Scapohte®®, Mica®^’ Tourma- 
line®®, etc. 

Towards the end of the ‘‘ ’seventies ” very few ideas on the con- 
stitution of sihcates were promulgated, the work done at that time 
bemg chiefly in the direction of increasing the number of observed 
facts and improving the ‘‘observation material” from which conclu- 
sions might be drawn with greater accuracy and safety than hitherto. 

Such researches as these made it possible for Vernadsky®^ to 
publish his interesting treatise on “The Sillimanite Group and the 
role of Aluminium in Silicates.” A considerable time before Vernadsky, 
several authorities had agreed that aluminium in silicates has the 
characteristics of an acid ; some presuming the existence of complex 

♦ Special attention is directed to Reference No. 29 in the Bibliography at the end 
of this voliime. 


6 TSCHERMAITS AND VERNADSKY’S THEORIES 
siKcoaluminic acids whilst others Beliejed that alummuim in th« 

aluminosilicates plays the same role as silicon. Bonsdorf ,i ^ ^ 

suit of investigations on hornblendes containing alumnia m which 

the proportions of SiO, and Al.O, vary, replied the 

sihcon and aluminium each play the same role. Sch««T 

this view of Bonsdorff’s. The view that aluminium m th« n»tMra‘ 

silicates has an acid character was also held by Berzelius , , 


and Odling®*. , ■ . , t 

Wartha" was the first to publish this hypothesis in a dwir form, 
but he afterwards paid more attention to structural formula* ai»i ewiwti 
to develop this theory. About the same time, Brauns** attribut<^i an 
acid character to aluminium in natural silicates, but insti'iid m thii 
ordinary formula, AljO 3, he preferred AIOj. 

Vernadsky endeavoured to show that aluminium plays the samo 
role as silicon in the aluminosilicates and that from the lat t«*r foiiijili’* 
acids (silicoaluminic acids) may be produced. EwUer observalitina 
and experiments on aluminosilicates and the chemical ohangea orciir" 
ring in Nature completely confirmed this view. At first, VemMlaky 
sought to base a chemical classification of the nluminosilifiitcs on his 
theory, hut this could be applied to only a small mimbi-r nf rc»m- 
pounds. Most of the aluminosilicates, such as felspar, mica, ete,, 
could not he brought within any scheme he could devise, ami though 
he repeatedly declared that the so-called “ mixture theories ” have 
little real value from a chemical point of view, he believed t hat it »'•« 
unwise to abandon them. 

Vernadsky’s** structural formulie have consequently done little 
towards solving the problem of the constitution of the silicates. 

The present theories as to the constitution of alttminosilicates 
appear, with the exception of that of Vernadsky* to be combination* 
of older theories. The existence of various orthc-, meta-, and other 
silicic and poly-silicic acids, and of simple and double sail* of iheuM*, i* 
generally accepted, and to some extent structural fomnilfo have l***n 
allocated. The theories of Rammelsbcrg**, Groth**, Clarke**, Tscher* 
mak*«, and others are of tihis kmd. Those of Sawtschenkott** and. 
more recently, of Goldschmidt**, differ somewhat, a* they are hnaet! 
on the idea that the above-mentioned silicates cannot la* exp!aiiti*«l 
by the foregoing theories. The i^earches of Bomhicci** and Jlraiin***, 
which are based on purely hypothetical considerations, arc rniit#* 
different from those previously mentioned. 

The recognition of the acid nature of clays is rapidly gaining; 
general acceptance. Kaolin behaves in many way* pit* ij*cly like an 
acid, displacing carbon dioxide in carbonate*, chlorim? in ch!oritll*^, 
etc., and Mellor and Holdcroft’®* consider it to be alumintmilicic rndil 
fkaolinic acid). These writera, like Vernadsky, claasify lh« alumino- 
silicates according to the ratio of AI3O3 to SiOg and distinguish them 
as alumino-wiomo-, alumino-dt-, alumino-tri-, ahiminci-Wro«, alumino- 
penta- and aluminO'/^ea;a-silicates. For instance, t hoy regard nepholini' , 
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N»jO • A3,0» • '2 HiO, n« ii •ttlt €»f an ; ortho- 

KjO ■ AIjO, • « HiOj m a wait of an nlumino-Ju'sa-Hilu'ij! acid, 
etc. TSu'y aim JtnggPMt const if iit ionnl formuln* for ti>cw> mdiHtanccH, 
but without cnntributitif; materially to any umtcrNfamling of the 
foisHtitution of the nhiminti»ilicnt«*a, u« ««x|}|iiiiHsi Inter. 

\V, ihiknll’®*- aim refera to the lu id nature of kiudin which, 
when digestcrl on a wnftjr-bath for Heveral tbiyn with a aolution of 
caustic smla, fixes a large cjuiintity of the sotla. He has also obw«rvetl 
that kaolin at a temja’rnttmf of about. ttfiOC. « ausea the evtilulion of 
chlorine from coinnmn snlt and liln’riitea a comjHitmd correaponfUng 
to Na,tt • • 2 HitI,. Among other writers who have recently 

referred to the a<id nature of ahtmina in the alnminoeilicafea may Iw 
iiienf ioiicfi .1, Morowwijc?,***, who also regar*la kaolin us a eomplex 
alumiiMwilicic arid. 

An observati«»n by Dalktihara*'* i* highly « onttrmatory of the a*’id 
nature of alumina in the aluminosilicates. It in well known that silica 
which has b«@n jifecij»itiite«l from s«»lMtir»n and afterwards w*el! tvaslual 
is neiilrai to litmus. Dalkuhara has examineil various hydro-silicats'S, 
p.articidarly clays, which are twtd to litmus and ohsiTvecl that, not- 
withstanding rt*|s*af«**l fhortmgh washing, ihesi* silicates coinnlt*t«*ly 
retaine*! their acidity, no a*'i<! {iiowing into the waslowati'r. If, how- 
ever, a ntuUral salt su« h as jjotassitim ehh»ri»le, iimirtonium sidphatn 
or amm«»ni«m rhh»ri*le is ndrie«i t»» the elay a sitlubh^ iicirl is Immisli- 
ately pr«sluced, the pfjt ash or ammonia iaang absorbed and hydrnehlorie 
or sulphuric acid hbrfaie*!. 7*hi« i* imfsirtant in connect irm with 
another fart estahlishiul by Dalkuhara, vi*. that finely divhied felspar 
—which he regaitls as a neuiraliswi kaolin on jiroloiiged treatment 
with an at|iie«»iis Milution of earlam »lioxide prrsiurea an atdd-r>*aeting 
silicate which behaves in a manner similar to the clays Just mentioned. 


Stcilon H 

Critical Sarv^ of iha SxItUsf Tbtorim of AlttmistMiilloabM 

fllliE I'olhming hyfis»ihes*'S i#r ihisorlea have lieen formulated to 
a. explain Die > onstitutton of the alumimwilicalea : 

}. The aluminosihratrs are salts of silkon hydrate in which the 
hydrogen is partly repkr«| by aliimintum and partly by other metals. 

^ S. The aiuniHitiitiJfcatiisi are double salta—ailieie salt* of ajiiwinium 
and other wei«l» -and aba» isomoitihoiM mixture# of tliwm double 
•alt*. 

.1. The al»mnn'«sih»'ates ai# ntobeular enmpoundi wmpowxl of 
vartoua chemical rontpiunda whmh have nothing in eommon as 
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regards their chemical nature. The mode of combination between 
the various components is very labile. 

4. The aluminosilicates are isomorphous mixtures of salts of silicic 
and aluminic acids. 

5. The aluminosilicates are double salts of silicic and aluminic acids, 
or amorphous mixtures of these double salts. 

6. The aluminosilicates are, in part, silicoaluminic acids and, in 
part, the salts of these acids. 

Before we criticise these theories in the light of the facts, it appears 
desirable to make the following statement : The aluminosilicates 
constitute a single, well-defined class of compounds, the members of 
which agree in the numerous observable chemical changes which they 
undergo in Nature (the so-called pseudomorphic processes) and in 
those of their characteristics which are best studied in the laboratory, 
such as their synthesis and their behaviour towards reagents and at 
high temperatures. In these ways the aluminosilicates differ con- 
siderably from silicates which are free from aluminium and other 
sesquioxides. No reaction is known which makes it necessary to place 
any of these compounds in a special class or to give them a special 
place in a separate class. They pass into each other or form the same 
compounds ; they all change slowly under the influence of geological 
processes into one and the same compounds of the kaolin group. In 
considering these hypotheses we must take special notice of this 
phenomenon ; and in explaining the chemical nature of the com- 
pounds under consideration, only those hypotheses or theories should 
be employed which make it possible to indicate the composition of 
these compounds in a uniform manner and to exclude those silicates 
which show important differences of character. That hypothesis or 
theory which agrees most closely with the facts and is free from 
obvious disadvantages must be regarded as the one which approaches 
nearest to the truth. 

(a) Critical Ezamination of the First Hsrpothesis 

According to the first hypothesis the aluminosilicates are sihco- 
hydrates in which one part of the hydrogen is replaced by aluminium 
and another part by other metals. 

This theory contradicts the following facts : 

1 . The relation between aluminium and the other metals contamed 
in these compounds remains constant no matter how soon the reaction 
of the double decomposition is interrupted. 

2. No reaction is known whereby it is possible to produce a hydrate 
of silicic acid from the aluminosflicates and from this hydrate to 
reproduce the original substance, i.e. the aluminosilicate. The separa- 
tion of silica by means of strong acids is always accompanied by a 
complete destruction of the whole compound. The replacement of 
the metal by hydrogen usually occurs in such a manner that only 
those metals can be substituted which are capable of forming oxides of 
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of the constitution of the chemical compounds just mentioned, aisd. 
all things considered, it must be admitted that th(s first hyjjot f jesiit 
do6S not explain the reactions to which reference Iiiifi bcien iiiiicii** 

(b) Critical Eiamination of the Second ETpothesis 

The second hypothesis (that the aluminosilicates are double salt# 
of aluminium and other metals and that they also comprise isomorphoiis 
mixtures of these double salts) is one of the oldest. It wsts origiiiat<*<l 
by Berzelius and Smithson. 

The following objections to this hypothesis require conHiciernt ion : 

1. Any reaction in which the proportion of silica in tlu* c^jinjicnsud 
varies whilst the proportion of aluminium to base retnaiits constant is 
inexplicable. 

2. This hypothesis requires the existence of very stable double 
salts of different silicic acids, or of double salts composed t»f Ijoth 
normal and basic salts. It cannot be said that the prcKluet lori of double 
salts from salts of different basicity or acidity is impossible, ns our 
knowledge of the double salts is far from complete. 

The existence of such salts is, however, highly improbable anti if 
t h is hypothesis were correct it would necessitate the placing of such 
salts in a class by themselves, as, amongst all the substances whieh 
have been investigated, no such double salts have Ixsen obM>rvcd. 

3. How is it possible to term compounds having tiie general 
formula : 

R.0 • AUO, • SiO, 


double salts ? These compounds occur in Nature and may also be 
prepared artificially. As naturally occurring minerals : (’at) • 2 Al|0» 

• 2 SiOj -HjO (Margarite®^) and MgO • A1,0, -SiOi (Prwmatine**) may 
serve as examples of this ^oup. Artificially prtqmrctl KgO ■ Ai,0, 

• SiOa and Na^O • AljOs • SiOg form typical synthetic pitKhicfs,** 

All these compounds are closely relatetl to crjmpounds In other 
groups ; thus KgO • AljO* • SiO* and Na,0 • AljOj • Sit), nuuHly 
change into KgO • AlgO,- 2SiOj and Na,0 • Al,{), * 2Hlf), resiM^?. 
tively, and inversely they may both be obtained from kaidin.** Mwr- 
garite is closely related to the micas and is not infrerpien! ly h)rwr»l 
from them.*® Prismatine changes into a hydrous silicate (Kiyjsdite) 
which, according to this hypothesis, must bo regarded a# a double 
salt and in the form of phlogopite may bo obtained nrtificklly.®* 

There is clearly a genetic relationship between the varimm nhitnlrtie 
silicates, but to regard them as double salts it would be necessary 
provide a special space in the scheme of classifleation, as there' are 
many compounds of this group (which can never be termixl tioubii* 
salts) for which no provision is made. 

4. The fact that compounds which, from the point of view of those 
who accept this hypothesis, are very complex in structure are foundi 
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on experiment to be very stable, is puzzling. Thus the group RgO 
• AI2O3 • 2 SiOg, into which practically all other aluminosilicates may 
be readily converted, is characterised by its exceptional stability. 
Those who accept this hypothesis regard the compounds of this group 
as double salts, having the general formula : 

RaSiOs + AhSiOs or R^SiOs + RiSiOs, 

i.e. as normal salts of meta-silicic acid with a basic salt of some other 
silicic acid. It is scarcely conceivable a priori that the representatives 
of the most stable substances of the whole class of aluminosilicates 
are to be found in compounds of this composition. 

5 . To the view that the aluminosilicates are double salts there is 
also the following objection : The term “double salt is by no means 
clearly defined and gives but little definite information as to the nature 
of the compounds to which it is applied. This term should, therefore, 
be used more cautiously than is sometimes the case and should only 
be applied to those substances of which the mode of formation from 
their constituent salts is clearly ascertainable. For example, it is 
quite correct to term the compound K2Mg(S04)2 • 6 aq. a double salt, 
because it can be produced directly from the two constituent salts, 
K2SO4 and MgS04. But can such syntheses be observed in the case 
of aluminosilicates ? Can any analogous reaction be found among the 
innumerable compounds of silica ? The syntheses which have actually 
been effected suggest the exact opposite of the second hypothesis and 
are most puzzling when an attempt is made to apply it to them. No 
syntheses in support of this hypothesis have yet been made. 

It is impossible by this hypothesis to explain the formation of 
compounds such as analcime, NagO • AI2O3 • 4 SiOg • 2 HgO (which is 
produced®'^ by the action of NagSiOg on NaAlOg), or of other alumino- 
sihcates which are obtained from silicates and aluminates.®® In 
these compounds aluminates are found, but no aluminium silicates, a 
circumstance which is quite contrary to the conception of alumino- 
silicates as double salts. 


(c) Critical Examination of the Third Hypothesis 

According to the third hypothesis, the aluminosilicates may be 
regarded as molecular compounds, i.e. compounds in which the unit 
of combination is a molecule and not an atom. 

This conception of the constitution of natural silicates has chiefly 
been favoured by Bombicci®® and V. Goldschmidt, others only having 
applied it to a few specific cases, as MaUard’®, who used it to explain 
the constitution of chondrodite. 

Some silicates are xmdoubtedly molecular compounds, particularly 
those silicates which contain water of crystallisation. Some researches 
of Lemberg'^^ and Doelter*^® indicate that cancrinite is a molecular 
compound and other investigations by Lemberg and Thugutt lead to 
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the conclusion that the sodalites are also molecular compounds. 
Other natural silicates appear to confirm this view, so that at first 
sight it seems as if this hypothesis would enable the facts to be satis- 
factorily explained ; in reality, the facts are in direct contradiction to 
the theory. A closer investigation shows that any agreement between 
fact and theory which may occur is a coincidence due to the indefinite- 
ness of the latter ; this indefiniteness makes a large number of sup- 
positions possible. Many facts, whilst not exactly in opposition to it, 
cannot be used in support of this theory because they cannot be pre- 
dicted from it. For this reason, this hypothesis has not the value of a 
true scientific theory or “law of Nature,’’ one essential feature of 
which is the facilities it offers for the prediction of properties of sub- 
stances from a knowledge of their constitution. 

The very indefiniteness of the term “moleculiar compound” 
allows the formulation of innumerable theories and makes it ex- 
tremely difficult to decide which of these are of value and which are 
merely ingenious speculations. To make this clearer it may be assumed 
for the moment, that the compound 

K2O • AI2O3 • 6 SiO^ 

is composed of two or more molecules. In selecting these there is ail 
enormous number of possible molecular compounds to choose from, 
all of which correspond to the formula of orthoclase given above. 
For instance, there are 

1. K^AhSi^Os + ^SiO^, 

2. KaSiOa + AlaSiOs + 4 SiOa, 

3. K 2 Si 03 -j- AliSisOg + 2 Si02, etc. 

ad infinitum. 

It is clear that from the formula for orthoclase, taken as an example, 
as many different molecular compounds can be written out as there 
are mathematical combinations of symbols of the elements avail- 
able. If one of these hypothetical formulae is found not to repre- 
sent the characteristics of the substance under consideration, a second, 
third, fourth, and so on, is substituted. The matter is still further 
complicated by the indefiiniteness of the term “ molecular compound ” 
as used by different writers ; an indefiniteness which enables those 
who use it to indulge in all manner of speculations. 

Broadly speaking, there is no definite means of deciding whether 
a given substance should be regarded as a molecular or as an atomic 
compound. Usually, those substances are regarded as molecular 
compounds which cannot be otherwise understood,*^® the subjective 
conception of each individual scientist being the factor which deter- 
mines whether he will regard a given chemical compound as molecular 
or atomic. Some chemists regard the so-called “ double salts ” as 
molecular compounds, whilst others regard some of these salts as 
atomic and the remainder as molecular compounds. This shows that 
great caution is necessary in using these terms for the solution of 
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phous mixtures (of aluminates and silicates) are naturally weaker 
than those of the atoms which form the components of the mixtures. 

The confirmation of this hypothesis by the synthesis of alumino- 
silicates from aluminates and silicates is more apparent than n*al, as 
the ratio of base .-aluminium ; silica in the products of the r<-»cti«n 
is quite different from that which would bo found if aluminates and 
silicates could form isomorphous mixtures. Thus, ana.Ieinie, 

• aq. and similar substances are producible from ^ iiiicl NiiAlp*. 

Moreover, it has never been proved that the salts of ahuniuosilicic 
acids are isomorphous, and to attribute this character to thtmi in pure 
hypothesis. A similarity is often observed in the forms of crystals, 
e.g. chrysoberyl and olivine, but except for this single rc.Hembl«m'e 
no evidence has been given of isomorphism. No actual ohservat ions 
of isomorphous mixtures produced directly from aluniinates and 
sUicates have ever been published. 

But little importance can, therefore, bo attatjhed to the fourth 
hypothesis, as it is only applicable in special cases (such as those 
investigated by Rammelsberg^®, Knop^*, and others) and has never 
been of general application to the study of the constitution of the 
aluminosiheates. 

The foregoing hypothesis may bo somewhat modified so as to 
indicate that isomorphous mixtures of aluminates and silicates and 
isomorphous mixtures of double salts having aluminatcH and silicates 
as their components, may be formed along with the nluminosilicat«*s. 
This leads directly to the fifth hypothesis. Yet, even in t his form , the 
facts do not agree with the theory. The invariable prestmee of alumin- 
ium and silica appears to bo inexplicable— -the contrary appears to 
be more probable — the reaction products must, if this hypothesis is 
correct, contaiu either silicon or aluminium, but not silicon and 
aluminium in one and the same product. 

According to the fourth and fifth hypotheses, those aluminosilicates 
which consist exclusively of SiOj and AlgOg appear to occupy a s|H*cial 
position, yet between them and other aluminosilicates an itmioubt«*dly 
genetic relationship is shown to exist by the emMs with which they 
can be transformed into one another. The first contain no alkali «»hI 
cannot, for that reason, be regarded as isomorphous mixtures or 
double salts of aluminates and silicates. If, however, these substances 
are to be regarded es aluminium salts of silicic acid, the alumino- 
silicates must, under other circumstances or in other cases, shown 
to be so constituted that, in them, the aluminium has rephwiui the 

: y®t this, if true, dwtroys the fourth and 
faith hypotheses. The compounds last mentioned cannot b« regarth'd 
^s isomorphous mixtures of AljO^ and SiO*, m the IsomorphlMnt of 
these compounds still remain to be proved ; moreover, the existwico 
of an myariably simple ratio of alumina to silica is also oppos^ t« 

Similarly , the constitution of those alumin^ilicatet wbteh co&tsiifi 
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(g) From the corresponding anhydrides a series of complex riiiiiclt^i 
may be produced, the ratios of the constituents of the aiitiytlricle# 
being always simple. 

{h) Great difficulties are experienced if such eoitipoiiiids m I hr 
silicotungstates, phosphotungstates, etc. are classified in iP'*Nrcl* 
ance with Ostwald’s’® definition of double salts, and if any alfniipt in 
made to divide true complex acids into two groups a<?ecir<liiig tlirir 
"behaviour in aqueous solution. The recent physico-cdieiiih'jil 
of these compounds — made with a view to ascertaining their rtifutfilii* 
tion’^ — ^has shown that whilst some dissociate, when in 
solution, into their components, others are quite stabli*. 11 m* 
according to Ostwald’s classification, must be regarded an **tl«iiblr 
salts ’’ and the latter as “ complexes. In soma canes, fw fl) whrii m 
“ double salt ” contains alkali or (2) with certain propfirtiniis tif itrid 
and alkali, the use of the term "‘double salt is Witli 

many of these compounds this is not the case, e.g, free wddii and thtsm 
which contain a much larger proportion of one of the ac?id« lliiiii c»f 
the other. For instance, how is it possible to reprenent the free? a<’icl 

3 H,0 • PaOs • 24 WO„ 


as a double salt ? Yet the physico-chemical researches of BobciltfW*^* 
(dialysis, electrical conductivity, etc.) have shown that in aqiiifOtM 
solution it dissociates into phosphoric acid and metntungslic acid iiiifi 
that its salts are equally unstable in the presenee of water* 

The division of the compounds under consideration info two 
groups according to their behaviour when in aqueous solutioin ntil 
appear to be satisfactory. On the contrary, the exjHirimental rf*stilt»ii 
make it appear far more probable that all the com|K»imds in t his grrmfi 
are of analogous constitution, though they vary in their slaliility ri 
in aqueous solution. The following facts appear to eonfirm thin view : 

1. W. Asch’’® has shown by means of a physico-chemical iii wstigti-* 
tion (dialysis, electrical conductivity, determination of 
weight, etc.) of the silico-molybdato 


• biUa • 12 MoOi • aq., 


that in these compounds the silicic and molyMcnio lu-hlH fr»rm i 
complex ion. This is confirmed by the production (by the won 
mvestigator) of readily soluble barium and calcium Halta of the want 
senes, havmg the general formula 


2 R'O * SiO, • 12 MoO, • aq. (R' = Ha, Ca), 
and acid salts -with a composition corresponding to : 

1.5 R(0 ■ 0.6 HjO • SiOj • 12 MoO, • aq. (R' m K, Na). 

2. D. Asch”’ has prepared compounds with the geiicml formula 
2 r;o • 2 SOa • 6 MoO, • aq. (R' « K, Na, NH,!, 
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hy fill* iirf i«ii *if m4tl cm the* iiikiilit‘i4 of thc! paramolyl)dalc*i4. 

TlirHi’ iiiiiiki:* Itir* Hi!if*i»iiuityhdfi.ti*H, an* very uiwtahle in 

wiiliT* iliiit till* rniivrwifiii cif tin;! mentioiHil into 

fill* ri'trrrH|:itintiiiig cif IIm* iiikiilinfi i^iirtlm aRpaiirH In hi* invpoHHihki 
fill nrt’iiiiiit cif till* ifiii nf the* liittiT in wiitar. Only by th« 

ti^r fif riit4*d lilkfili-iiiiriifiiolyhdati* ^olntiorw Kiitiiriifed with 

SOj with thf* f4iilt.H nf I InMilkalitn* wm it finiiid 

fii jiri*|mrf* rniilily Hfiliihli! wULh of flw alkidini* i*art!iH cairra- 


^|i*<iidiiig tfi 

^ 2 IVi) * 2 Hi h • Mnih • 


Hn, Ht\ t *iih 


. tlifri* run Im no dtnilii that thi* HulphiimuH riinlyb- 
flairs ■ ill Hfiito fit thidr rniily c!i*r<iiii|ini4itinn whrri in iwjuianiH min! inn 
--iiitiHL i%mmnt of tlio riiiiiifirr in whirh ttiry form rmdily Holnbln 
of f tir nlkiiliiir 1 .m* rognrtird m aalt?i of a rompltnx nnlplto- 

iniilvlidif’ mdil with tin* foriniiln 


It m iiw* lliiii tlir caittifiotiiida iindfr rcmniclrration may 

tM* rogiirclwi idttii*r $m frrr roiiifilrx iirida or Ihrtr Hidta, mniio of tlirno 
i*nliitf.|iiirr:i4. Indiig itabb in fit|iirotiii nolntion whibt tho rrtnaindrr iirii 
fiiorr or 

An to ttio c jiiriit iriiiii f|o l^) lamrrrnirig tim prrvioiiM throrioH 

Ilf ftir roi»liiittifiii cil roiii|i!i‘ic iirklaanii thoirnalta may now hr givriu 
1 1 -filifiiilii till otim^rvoil lliiii inoHt itiVf»at-igat or?i of thwr romplnx 
aritt:fi iiiifl tliidr fiiiltfi tiiivr Inam oonfont to in‘t*ojii tho rtminirnl rom« 
willioiii nniking llie sirnilbut offorl to Ihrorim* on tlio cdioriiir*iii 
naliirn I'lf immimtunh. All}ifiiig}i ihti numlior of thorn! nutwliirir’iM 
ii miitiowliftl. Iii;rgt% ilio lhi?t-iriiiii of tlinir ronKtitntiiiri aro <‘ompttriilivrly 
frw, iiifi mm th$^m iiris nol frt^o from olijrrtionw. Aiiiciiigi^t tliriiii 
iilrtit,'itiriii fiirriiiil» arci of ifii|'iorlariro and havo lw*i!ri ofti|iIoyrd by 
mmmul inrffiilgatcirii In iiiiliriili? tito <?hf*]niirii.l rifitnri* of romploic 

itir«|aiiifidf*. Tliiii, Frifinrry^’^ i!iiilf?iiao»iirril to roiirrwrit hy ulriirttiriil 
foriniiliif Itir ho |irojiiin*il. l^ilrr, FritMlIioini*^, 

|li<irii»triiinD^, Krhrfiiariri*^ Sfirorigor*^, Mirltitoli#^ iirid olhori on* 
to follow Frrtfiory^’a oxaiisplo and to apply iirmlogotw 
pilriirtiiriil fci f|iiili! diffi^ront- iiiihitanron. Kotiritlwtiiiiding 

th# flirt fliiif I hi* atrnrttirfil foitiitiia* of llloiii.fitrii«d and Frbdhoitit iim 
a.ii»lr»gfiti«» f hr llirorie^ of thm-! two invrutigaiorn arit cjtiilr dwtiiirt, 
}t|cini«ir«fitD^ roiinpan*^ thr aliiltly of tlni arid aiifiydridrK to coni* 

^ * * • - . .1., .... . ..... i *...# .....Ijl#. J1 i.. .A .. |f 
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He regards the formation of the following roiti|ilr'X 
analogous : 

OX = (OH) , + OMO, = OX ^ 

OX = (OH), + 2 OMO. = OX OMO,* OMO,OH, 

('>«}, off. 

He considers that what occurs is tlio atitomsifi*- njtoiiing «»i iln? 
atomic complex and the introduction of the now group, nu-mlu r l«<r 
member, whenever this is possible witliant changing tht- g«*iiori»l 
character of the whole substance. 

Friedheim*® regards the course of the remiinn in tin* forniiition of 
complex acids in an entirely different niunner, F«»r insJan* **, In- 
represents the first stage of the reaction of niMlyluhr aritl on 
NaHaAsO^ as a combination of the molybdic acid w’itfj the ha«T »f 
the arsenic salt as follows : 

2 0As<ffi» + MoO, + aq. = 2 0,<\s(f5ir), + NsiMmO, 


-f- aq, saa 2 OAf*(Oii)g 

In addition to these molybdates, acid molybdates will alwi pj,#» int*t 
solution, thus : 

HO - MoO, • ONa, 

HO • MoO, • OMoO, • OXa, 

HO • MoO, • OMoO, * OMoO, • OXa, etc. 

These are unstable and unite with the free arsenic acid with Im* 
01 water : 

/O jH HOj • MoO, • OXa 
OAff;~OS 
^OH 


/Oi 

OAs;^(^ 


* MoOa • OMciCi| • tlJia 

/S^oO*-02foO,-ONa 

\osra 

0A8;;^^0, • OJIoO, • OXa . 

tioi^^® structural formulie are open to the followhtg’ ohjee- 
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or titanic acid) in the complex and is only influenced by the atomicity 
of those substances with which the metallic acids combine to form a 
complex. Thus, Pufahl®^ has decomposed a compound of the series 

3 RaO • AsgOs • 18 MoOg • aq., 

with silver or thallium salts, and has produced 

6 AgaO • AsaOs • 18 MoOa • aq., and 

6 TlaO • AsaOs * 18 MoOa • aq. 

These compounds contain twice as much base as is theoretically 
possible. 

As Friedheim writes the structural formulae of the compound 

3 RgO • AsgOg • 18 MoOs 
as 

As ^ (OM 0 O 2 • OM 0 O 2 • OM 0 O 2 • OR ) 3 

() 

As s (OMoOs • OM 0 O 2 • OM 0 O 2 • OR) 8, 

which is analogous to the structural formula previously mentioned > 
he must place the compounds with 6 RjO in a separate class on account 
of their proportion of base. He denotes the constitution of such sub- 
stances as molecular, i.e. he attempts an explanation which, on account 
of its confused nature, is no explanation at all. 

The number of such compounds with a high proportion of base is 
somewhat large and it is sufficient to mention the following : 

(a) 6 R 2 O • AS 2 O 6 • 18 M 0 O 3 ** 

(b) 4R20-B203- 12Wo03‘^® 

(c) 4 R 2 O • SiOa • 12 W 0 O 3 

(d) 7 R 2 O • V 2 O 8 • 12 WoOa etc. 

To agree with Friedheim’s and Blomstrand’s theory, the series (a), 
(b) and (d) can at most contain 3 RgO and (c) only 2 RgO ! There is no 
real reason for placing all these compounds in a separate class, for 
neither in their properties nor in their mode of formation do they 
diflfer from those from which the above structural formulae were 
derived. 

2. Another weakness of the hypotheses of Blomstrand and Fried- 
heim is that they do not permit of deductions being made m connection 
with the compounds of the complex acids containing the elements just 
mentioned, and that the composition of only a relatively small number 
of the compounds in this class can be represented structurally in the 
way they suggest. 

Moreover, there cannot be sufficient evidence for the proposed 
structural representation, as, for the majority of these compounds, 
these two investigators have been contented with the use of empirical 
formulae and have not made the smallest attempt to determine their 
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constitution. This is probably due to the complexity of many of 
these compounds. Thus, no hypotheses have been formulated for 
compounds containing 15, 16, 17, 20 and 22 RO 3 (R=Mo, W) to one 
molecule of X 2 O 5 (X=As, P, Vd). Some of these compounds have 
been prepared from substances to which the structural formulae apply 
and their molecular arrangement is then of interest. Thus, Sprenger^®, 
working with a barium salt of the series P^Og • 24 WO 3 and Ba(OH )2 
according to the equation 

3 BaO • P265 • 24 WOs + 6 Ba( 0 H )2 
= 7 BaO • P.Os • 22 WO 3 + 2 BaWO* + 6 H^O, 

obtained a member of the series P 2 O 5 • 22 WO 3 — ^ reaction which 
admits of no explanation in terms of the above theory ! 

Kehrmann and Preinkel have prepared other compounds of this 
series, viz. : 

1 . 3 BaO • 4 AgaO • P 2 O 5 * 22 WO 3 aq, and 

2. 7K20*P205-22W08aq. 

Kehrmann®’ has also prepared from the compound 2 , by means of 
hydrochloric acid and potassium chloride, a crystalline substance with 
the formula 

5 K 2 O • P 2 O 5 • 17 WO 3 . 

All these compounds, of which only a small number have been 
mentioned, can only be explained with great difficulty, and in many 
cases are quite inexplicable, by the above-mentioned theories of 
Blomstrand and Priedheim, 

3. Structural formulae are of special value when definite character- 
istics of the substances they represent can be deduced from them. In 
this direction the structural formulae proposed by Priedheim have not 
been of much service. Por instance, the compounds®® 

2 R 20 - V205-4W03,and 
4R20-3 V205-12W08, 

which are formed by the action of vanadic acid on potassium, sodium or 
ammonium paratungstate, are chiefly distinguished from each other 
by their characteristic behaviour towards acids. Compounds of the 
type 

2R80- V805-4W08 

liberate tungstic acid on treatment with hydrochloric acid, but no such 
separation is observable, when compounds of the type 

4R80-3V805-12W08 

are similarly treated. 

Priedheim represents the structure of these two series as follows : 

1. (2E80 • 4 WO 3 ' Jaq.) If = J H^O • 3 E^O • H V80s - 6 WO* 

2. (4E30-3V805-12W08- aq.) J J H^O • 2 E^O • IJ • 6 WO* 
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OV- 


./OR 

\OH 


1 . 


> 

V(OWO, • OR), 

> 

^v/0-W0,-0R 

\OWO, • OWO, • OR 


0<oS 

> 

OV- OWO, 

>° 

OV(OWO, 


2 . 

OWO, • OR 
OWO, • OR), 


Yet from these somewhat complicated formulae it is impossible to 
infer the different behaviour of these two substances to acids, and 
Eriedhetm is again compelled to resort to a molecular representation.* 
The compound^®® 

3 K,0 • P,0, • 5 MoO, 


appears to be an exception. It is regarded by Zenker and Blomstrand 
as molecular, but as atomic by Friedheim, who represents it as 

/OMoO, ■ OMoO, • OK 
OP^OK 

)Xk 

OP^OK 

\OMoOa • OMoOa • OK 


This structural formula shows that one-third of the potassium 
should behave differently from the remaining two-thirds. This agrees 
with the behaviour of this substance towards dilute nitric acid, in 
which one-third of the potassium atoms are more easily separated than 
the others. This is, however, quite unusual. 

Friedheim and his associates also formulated other theories re- 
specting the complex acids and their salts. For instance, they sought 
to explain their formation by reference to that of the double salts, 
but this hypothesis is by no means free from objection. The facts 
mentioned under A (p. 16) in the description of the general character- 
istics of complex compounds are quite opposed to it, and any attempt 
to apply Friedheim's hypothesis to the chief members of this group is 
sure to meet with many serious difficulties and contradictions. How 
is it possible, for example, to use this theory to explain the nature of 
compounds containmg a large proportion of anhydride such as the 
previously mentioned silicomolybdate 

2 RaO-Si 02 - 12 Mo 03 

or the corresponding silicotungstate ? In such a case it is necessary 
to assume the existence of purely hypothetical molecular compounds. 


* Since the above was written friedheim®* has abandoned the nie of the formulse 
1 and 2 and now uses the atomio arrangenaent shown below. 
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The free acids are a source of other difficulties, for how can the 
constitution of the phosphotungstio acid 

3 HjO • P.O5 • 24 WO3 

be represented ? 

Friedheim suggested that such free acids contain an anhydride 
with the character of a base, from which it would follow that the so- 
called acid is really a salt. Thus, he regarded the compound 

2 H 30 -PA' V3O5 

as a salt of phosphoric acid,^"^ namely 

and an analogous compound, 

NaaO • PzOfi • 2 V2O5, 

from which the first may easily be prepared, as a double salt of a vana- 
dium salt of phosphoric acid and a sodium salt of vanadic acid, viz. 

II2O • P2O5 • 2 VaOs = ^2^ * ^2^6 ^^ 2^5 * P2O6. 

Such a classification is obviously confusing ; whenever the analytical 
results are expressed as formulae indicative of double salts, the com- 
pounds must be similarly represented, or — ^if double salts are excluded 
— the formulae have another meaning and represent either molecular 
compounds, whose components are hypothetical, or — ^in the case of 
free acids — compounds in which one of the two anhydrides is regarded 
as a base. 

Summary 

In summarising the arguments for and against these theories with 
regard to the constitution of the aluminosilicates, it should be ob- 
served that the sixth h3rpothesis (that the aluminosilicates are complex 
acids and the salts of such acids) explains a whole series of reactions 
which are quite inexplicable by the other hypotheses (with the excep- 
tion of the ‘‘molecular compound’’ theory by which “everything ” 
can be explained) and that most of the best-known chemical reactions 
involving aluminosilicates are in agreement with it. 

It is now clear that : 

1. The splitting off or addition of SiOg is a sign of the formation 
of complex anhydrides and analogous compounds. 

2. The simultaneous presence of SiOg and AI2O3 in the products of 
the aluminosilicates and the easy conversion of one aluminosilicate 
into others are comparable to the analogous reactions of phosphotung- 
states, phosphomolybdates, etc. 

3 . The ratio Si02 : AI2O3 remains unaltered in reactions involving 
•double decomposition and that no replacement of aluminium by ele- 
ments capable of forming oxides of the R"0 or B ;\0 type has been 
observed. 

4 b, There is a genetic relationship between all aluminosilicates, and 
that they can be converted into each other. 
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5. Most of the aluminosilicates are couvertible into stable com- 
pounds by the action of geological forces. 

6. The reactions of a geological nature are analogous for all the 
silicates ; those which contain no AI2O3, etc. (but are almost entirely 
composed of SiOg) under atmospheric influences form silicic hydrates 
(opals), whilst the salts of the complex aluminosilicic acids are, under 
similar conditions, converted into the hydrates of the complex alumino- 
silicate radicles (kaolins). 

7. Highly aluminous aluminosilicates (sapphirin) as well as those 
low in alumina (petalite) are known to exist. 

There is also a large number of fa^pts indicative of the acid character 
of aluminium in the aluminosilicates, as previously mentioned. In 
some highly aluminous slags, salts of aluminic acid (aluminates) are 
known to be formed at high temperatures, and silica appears to be 
unable to displace the aluminic acid from these compounds. The 
simultaneous formation of salts of silica and alumina, even in the 
presence of an excess of free silica, has been observed ; this fact clearly 
shows that aluminium has undoubtedly a much stronger acid character 
than silicon. 

Vernadsky’^® has drawn special attention to the following facts in 
support of the acid nature of alumina in the aluminosilicates : 

{a) The conditions in which aluminosilicates are formed both in 
the laboratory and in Nature are precisely those which are favourable 
to the production of aluminates. The minerals of the spinel group 
separate from molten siliceous masses at high temperatures. A separa- 
tion of aluminates from such fused materials can only be explained 
on the assumption that the alumina has an acid character in such 
aluminates. 

(6) The separation of aluminosilicates at high temperatures is 
accompanied by the formation of aluminates (according to the experi- 
ments of Vernadsky and Moroziewicz spinels are formed). 

(c) At much lower temperatures the action of water or carbonic 
acid solution not infrequently results in the decomposition of alumino- 
silicates and the separation of aluminates {vide Thugutt) or hydrated 
alumina, with the formation, in Nature, of bauxite or hydr argillite. 
All these reactions are opposed to the conception that alumina plays 
the part of a base in the aluminosilicates. 

According to Zulkowski"^^^ the acid nature of alumina in the 
aluminosilicates explains a fact which has long been regarded as 
paradoxical by metallurgists, viz. whilst it is found that one molecule 
of lime effects the slagging or fusion of one molecule of silica, it is also 
found that just as much lime is required when the silica is combined 
with alumina. This is incomprehensible if alumina is regarded as 
basic, but is readily understood if alumina plays the part of an 
acid. 

It should also be observed that Clarke’^® has repeatedly described 
aluminosihcates as possessing an acid character, and regards the 
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tourmalines as derivatives of an acid thr water in 

which may be totally replaced. 

Other facts are available for showing that silica whi u t Miabiiiifi 
with alumina behaves in a different manner ehenu< ai!y fritm what ii 
does in silicates devoid of alumina, and that the nlaminosili* tniiy 
rightly be regarded as “ complexes " as defined by Oswaiil (p. !«l| 
Thus : 

(a) Hautefeudle^®® observed that tungstie aiihytlnde r an «li*.pj«r( 
sdicic acid from its salts at 900"' whilst with ahitiuimsile ati jr nmler 
similar conditions the displaced material enntniris h»»tli siln a and 
alumina and not silica alone. 

(5) By the action of the hydrates of alurniiiosilientes «in « »rljntuiti s 
at a high temperature, CO 2 is liberatesl and its place is taken by htith 
alumina and silica. 

(c) Kaolins and other clays possess aeid projwrties and, a* cording 
to Gorgeu and ZiemjatschewHky respectively, they can disunijwrsi^ 
haloid salts (KI, KBr, etc.) at high and mtidenit*!' ti'iniM’fattirei*, with 
the liberation of free haloid (acid) and the forntation of mlt hke 
aluminosilicates. 

{d) In various chemical processes — both in Nature ant! in the Ja- 

boratory-^ubstitution-reactions frequently occur in which the alumimi- 

silicic radicle remains quite unaffected. All such reactions tnav 1 h» 
expressed by the following equation : * 


MX + M,A = M,X + MA. 

^ ^ anhydride of an acid, M and Mj, two different metalu, 

and A is the aluminosilicic radicle, 

• have maintain(>d the iii’id i harscter of aluminium 

m the aluminosilicates and who have rciMjgniwd thi* esistence of com- 
plex aluininosilicic acid in some ahiminosilicnti's have alrenilv Is’cn 
mentioned in the historical section of this volume. One of Thesi- - 
dkowski— states : “ I have . . . also shown that alumina iiossewtiu* 
the previously anticipated characteristic of forming comtaninds which 
are not salts in the ordinary meaning of this word, hut «hi. h must 

be regarded as aluminosilicic acids, and that lhe«, «. ,d- must o„,«r 
in ccrtEin 0»IuniiiiouB slu^gis s>tiid 

®®“® ol>jecti 0 ns to the hyjiotheses under dts- 

cussion, * 

bchlvA^'n most chemical remdions, the aliiininosilrah-s 

behave in accordance with the sixth hyfmthms. there are others 

fA?iA^^ present, inexphcahlc or are in direct co,if rade turn to if . 

as the following examples will «how : 

1. If the aluminosilicato known 

CaO • NaaO • 2 AI,0, * H SiO,, 
is regarded as a salt of an aluminosilieie acid, 

2H*0-2AI|0»*gSi0,, 
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it is easy to understand the formation of analcime from andesite by 
treatment with Nsl^COq, which, according to Lemberg, produces the 
compound 

2 NaaO • 2 AI2O3 • 8 Si02 (Analcime). 

It is, however, difficult to see why the same chemist could not repro- 
duce andesite from analcime by means of CaCl2. The chief product 
in the latter case appears to be 

2 CaO • 2 AI2O3 • 8 SiOa. 

2. By investigating the behaviour of the compound 

NaaO • AI2O3 • 2 Si02 (Nepheline) 

towards gaseous hydrochloric acid and silver salts, P. Silber^®^ has 
shown that only one-third of the sodium is given up to gaseous hydro- 
chloric acid or is replaceable by silver, the remainder of the sodium 
being quite unaffected. Yet if the formula of the complex alumino- 

silicic acid is ^ ^ ^ 

H2O • AI2O3 • 2 S1O2, 

the sodium atoms, having replaced the whole of the hydrogen, must 
behave uniformly ! 

3. If the sixth hypothesis — ^that the whole of the aluminium is in 

the form of an acid — ^is accepted, it follows that all the aluminium 
atoms must behave similarly to chemical agents. St. J. Thugutt^^® 
has, however, experimentally proved the exact opposite in a series of 
aluminosilicates, and has found that one-third of the aluminium be- 
haves differently from the remainder. For example, sodium nepheline 
hydrate, ^ ^ ^ 

on prolonged digestion at 200° with 2 per cent, potassium carbonate 
solution, one-third of the alumina passes into solution in the form of 
sodium aluminate and a residue of potassium natrolite, 

KjO • AljO, • 3 SiOs aq., 
remains, according to the following equation : 

3 (4 Na^AljSisOe • 5 H, 0 ) -h 8 K^CO, -1- 9 H,0 
= 8 NajCO, -f 8 (K^Al^SiaOio -f 3 H, 0 ) -h 4 NajAl.O*. 

Thugutt has also experimentally proved this property of aluminium 
in the kaolins, and in a series of sodalites or sodium nepheline hydrates 
in which a portion of the “water of crystallisation” is replaced by 
several salts such as NaCl, Na2S04, NagCOj, etc. 

( 6 ) The precise meaning of the term “ complex acids ” is by no 
means perfectly clear. As has been shown in the previous pages, all 
existing theories concerning the constitution of these compounds are 
only applicable to a comparatively small number of these substances 
and are not, in other ways, quite free from objection. Hence, the 
hypothesis that the aluminosilicates are complex acids and salts gives 
but little information concerning their “ constitution ” m the true 
meaning of this word. 

(c) A theory is only of value if, by its means, a large number of 
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facts can be arranged systematically. As there can be no doubt, in 
the present state of our knowledge of the chemical nature of the 
aluminosilicates, that a genetic relationship exists between the com- 
pounds in this group — ^this being in agreement with the sixth hypo- 
thesis — a general systematic arrangement in the sense of the sixth 
hypothesis must be possible, e.g. one based on the composition of the 
complex anhydrides. If, however, an attempt is made to apply this 
arrangement to all the aluminosilicates — ^including the felspars, micas, 
clintonites, scapolites, orthochlorites, etc. — ^a very large number of 
hypothetical anhydrides is involved ; many of these are of a complex 
composition and their existence has not, so far, been proved. 

Vernadsky^®® has actually drawn up a scheme of classification based 
on chemical properties, but he only applied it to a relatively small 
number of compounds and made no attempt to arrange the micas, 
felspars, clintonites and other aluminosilicates in a similar manner, 
as he realised the impossibility of a complete classification on such a 
basis. 

Hence, although the sixth hypothesis agrees the best with the facts 
of all the theories mentioned, there are several objections to it, and 
these must not be under-estimated. 

Consequences which follow from the previous Theories 

A number of facts may now be mentioned which have a character- 
istic relation to the theories concerning the aluminosilicates and may 
be regarded as “ consequences ” of them. 

A. The idea that the constitution of the aluminosilicates cannot 
be expressed in the light of the previous theories has often led the 
various investigators to formulate different theories in which no atten- 
tion was paid to the chemical properties of the aluminates. Amongst 
these are the so-called “mixture theories ” of micas, scapolites, 
tourmalines, etc. The various investigators differ greatly in what 
they consider to be the components of the mixtures ; these are, in 
most cases, only hypothetical and are often of such widely different 
chemical composition that they can scarcely be described as isomorph- 
ous in the strict meaning of this term. It is, therefore, impossible to 
state the constituents of a “mixture"’ without knowing precisely 
what a given investigator means by the terms he uses foj? such con- 
stituents. 

In this connection it is interesting to note that Clarke^^® has 
recently suggested that the orthosilicates can form “ isomorphous ” 
mixtures with tri-silicates and other poly-sihcates. The acceptance of 
this led Clarke to formulae which appear to be very improbable. For 
instance, he suggests for Zinnwaldite^^^ the following formulae :* 

1. Al244iFll«7X224Si224Hlie(AIFl2)2o(Si808)l56(Si04)3oe> 

2. Al289Fli8«Si2iaHii2(AlFl2)209(Si808)l5l(SiC4)8i2* 

* Zinnwaldite is usually considered to be an iron-lithium silicate and not a 
fluorine compound. — B. S. 
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By iShing ihi* nyinbt*! X ft»r both Si ()4 iirul HijOg and tho symbol 
B btr K, Li, If and AlF*j, ho uhtainc-d the following constitutional 

formuln* : 

1. rm |AiX,Kl»i{,i 4- m {Aix,u.) ♦ m {A1,x,h,), 

2. «2 fAlX,Fl,It,j j 411 (A1X,K,) 1 l.'t (A1,X,K,). 

Br raifukting nii juialyMiH of (■ryc»{»hillit«?'»» mado by Itiggs, Clarke 
obtaiiiftl tbr following bijijhly c-omjili-x fornuda; 

A}|t«!*biKit«f»iii,!I ||4 Ali* i|)iii>(bit0()g]j(hi04)|i|, 
and uh ; 

M {AlX.FI»Ii,) i HI rAlXgU,) 1 25 (A1X,K,). 

darki' has ttlwi (tbtrtined similarly comfdex fonnuhe for other 
nilirafcH including stillntf*, t hnbiisito, hmdundiU*,*** etc, and has en- 
deavonrj-*! l*i explain those in an annhigous manner, 

B. A fwimewhat large ninoiint of «’aprire is observed in studying tho 
mprejw’ntnliona of the c*cinst itut ion of some silicates. Ejwh investigator 
Mcjecls that arrangement uhirh he considers to he the most eonvenicnt 
for his own use ant! it is, therefore, very diftieult f<»r anyone (dse to accept 
any parlirukr thw»ry. The current hypothc*ses n!H|K;cting tho con- 
stitutions of the two f«dlf»wing nhiminosilicates ; 

(«} K,t » • A!,f t, ■ 2 HiO, (I’hskehte) and 
K.t* • Aldb ‘BEBMOrthodase), 
are typical instances, 

(a) The OeastitatloB of Ph&keUte 

F, <Jroth*‘* regarils this compound as a simple, normal salt of 
orlkrtilirir acid, via. : 

Hi ft* ; A1 

V)K. 

f‘ Itammelsbi’rg*** r**pre»«'niM it moleeularly ns : 

' AhSi.O,,. 

H, .1. Thugiiit*** bIj«» wspresents it mohstularly, hut with other com- 
ponents, vit. : 

2 kjAliHi*ft|* * KjAliO,. 

Vemaikky’** eonsid«*rs it ns a salt of an aluminosillcio acid : 

If ,t> • Al,(t, ' 2 HiO*. 


The CkssIftatioB of PotMh fsisgar (orthoolMe) 

A* a pwaliiei of psettfiomorphic proeeiiscs Tsehfirmak regards ortho- 
tkae nwilis’tikrly mi : 


K,f> • Al,0,(HiO,), • (HiOd*. 
T»h»niiak*»* repremTnts it afoniieally ; 

• 0 - 





28 CRITICAL REVIEW OF EXISTING TIIKOUIKS 

P. Grothi22 assigns it to the following t<on«titutit>n ; 

Si _ O — Al 
<5;. /\ 

o o o 

0 Hi — 0 


'\0-K 


Clarke’-®* prefers : 


XSi.Q.] ss K, 

Al^[Si,(J.3 Al 
\[Si.O,] c: Al 

S. J. Thugutt’®*, as the result of cxjMfrimontH, umn thf ftillowmg 
constitutional formula ; 

2 K.AI,Si,0,o • K.A1,0, • 12 8iC),. 

Rammelsberg considers it to l>e a multipltJ wilt (doiiliU* salt) 
analogous to albite and writes the forniula : 

fK^Si.O. + Al^Si.Oul 
IK^iO, +Al#Si.O. / 

Wartha represents the structural formula of ortltork«* m : 

^0\ /OK 

Vernadsky’®® regards orthoclase as a comph?x Wilt of an tt«'Kl : 
H,0-AUO,-6SiD„ 
and writes its structural formula : 

OK 


o=Ko>®<S>| ■ •’ 

l)K 

Zulkowski”* regards felspar as a salt of a oowplox aluwintwllicfe 
acid and gives it the following formula : 

Al — O-SiO-O-SiO-O-SiO-OK 
\/ 

Al — 0 • SiO • 0 • SiO • O • SiO ■ OK 

Attention may also be called to the suggestion of Haushofor***, who, 
in order to show the genetic relationship of the fekpan with gimiiitts 
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wjtl niirni«, af!ri}»ut<‘d thu following constitutional formula to ortho- 


<1 


<1 


Hi 

.4 


^ Cl Hi 
Cl 


- Cl 


Hi 

p 

U 


o 


i) 


(I 


OK 


OK 


M« llor and II(tld«Toft’®* rognnl orthociuse m a salt of an alumino- 
bfJEa-i*j}iiir iM-itl and Nuggcsl the formula: 


(1 

it 

it 


Hi 

Hi 


O 

O 


A1 






. Hi = O 
0 

■ Hi 0 


O O 
I 

(> .a Rl gi SB 

OK OK 


O 


Hkmw mluminmilkaU-H. vicwetl in the light of existing theories, 
ar«* loxlremely {luxxling even when they are not highly complex. The 
ionnula of ardemiite,*** 

111 MnC) • V,U» • 5 A1,0. • 10 HiO. • 5 H/), 

w thus d*sfic'rib<‘d hy Oroth : This formula— though based on only a 
few analyM!'# indieiitf** siirh a eomjilex HtriKdiiro that it is highly 
probable that further invi'Stigatifjn will lead to its simplification,” 

This disdaration was miMie by (Iroth because ho was not in a posi- 
tion to llntl a simpler formula which woukl agree with the theories 
mentiotiwL 

l>. Another rmiseijtienc’c of the current theories is that in many 
ex|»erimi»nlal n*»i*arehes no analyses are calculated into formula;, the 
view lieing that the sulistanecs are not true compounds, but 
" uMjimorphous mixtures,” 1 1 is tdear that many interesting character- 
utfus »ri* overlrwiktsl in the absence of formula!, fjemberg*®' is 
typical iti many other investigators who do not express their results 
by means t#f fonn«l», 

He Eatalt of the tMtical ExamUiAtion and the Possibility that the 
Olitieetloas imlMd to the Sixth Hypothesis are nnretd 

\ critieni examination (pp. S~26) has shown that the alumino- 
»ib< fflt*'s am! such complex compounds as the silicotungstates, the 
pboff|ih(4itfigstates, «*tc. are elosoly related substances ; it has shown, 
moreover that, in all probability, both these groups of compounds 
may l»i regarded as memliers of a single class. 

With regani to their constitution, this examination only shows that 

li9A 


NI2 


^■xxrvTEo^ 



rQ UIBBAP.Y 

\r^\ y'’ 
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the structure of every compound is not yet known. The previous 
theories on the constitution of the aluminosilicates cannot be regarded 
as satisfactory, as notable objections can be raised against each, and 
none of them is capable of logical application to the interpretation of 
the chemical nature of the aluminosilicates as a whole, nor can any of 
them be used for a systematic classification. At the same time, it 
should be noted that the conception of the aluminosilicates as complex 
acids or salts agrees well with the facts. 

So long as no better theories are available the sixth hypothesis must 
claim precedence, in spite of the objections to it already indicated. 

It is, however, not improbable that these objections are only 
apparent and that they would be completely overcome if the manner 
in which the atoms in the anhydrides of the aluminosilicates are bound 
to each other were known. By the use of a suitable hypothesis for the 
structure of these anhydrides, a confirmation of this statement may be 
found. The authors of this present volume have actually formulated 
such a hypothesis, and its nature and the conclusions which may be 
drawn from it form the subject-matter of the following pages.* 


Section III 


A Hypothesis to show the Bonding of the Atoms in the 
Aluminosilicates and related Chemical Compounds 

A. Two New Radicals — Hexite and Pentite 


1, Hexite 


I F . six molecules of Si(OH)4 unite together, splitting oS water and 
retaining the quadrivalency of the sihcon so as to form a ‘"closed 
ring,’" the following constitutional formula is produced : 


(OH). 

0^0 

,(OH)=Si|’^ ^|Si = (OH)a 

O 0 

.(OH)=Sil ISi = (OH), 

\/ 

Si 

Formula I. 


* In sections I and II the authors have followed Vernadsky : Uber die Gruppe 
des Sillimanits und die nolle der Tonerde in den Silicaten {JE^vlh der Moahamr Geadl^ 
Behafl d&r Nat'urforscher, 1891, 1, 1-100). 
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If f-m iiiriirriilr^ cif water uri* nplit ofl from formula I, the constitu- 

ticiri tliciwii in fiiriiiiilit 11 ltriKluci*(l : 

O 

II 

Si 


o o 


0 Si 

1) 

C> r:^Si 


/ 


() 


\ / 
() c> 

\/ 

hi 

I! 

(> 

Formulii H 


0 

Si O 


F<»rr«nlft I w j*ht»wn in at>liri>viaU'«l form by moans of tho following 
$VBil»*»l}i : 

If, 




(OHb 

' (OH), 


rir 


(Oil), 

III. 


H, 

if. 


% 

H. 


If 

. iHiL. 

■ '■■■ \/ 

If. 

Formuk IV 


or 


II 

ISi 


mz \ 

X,/ 

II 

B'ormulfib V. 


Ami lonmila 11 by tho f«ymbc>i 


/\ 
tSil 
\/ 

Formula VI. 


In tlif f»»!U»wing pagi'M iheso abbreviated forme will bo used in 
pl*r»* «»f formula? I and If, 

If mx tnMb>€;Mh!« AUOH)* unite together to form a “ring ’’after 
«ix mohfi'ule* II, t». but retaining the trivalency of the aluminium, 
lormtiia Vi I in ohtainijd ; 


no 

HO 


Al- 

-OH 

/\ 


0 0 



^.Al — OH 

O 

0 

— Ali 

^0 0 

> 

T 

c 


Al — OH 

Fonauls VII. 


I 
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By the removal of three molecules of H^O from formula VII the 
anhydride 3 AljOg is produced. 

Instead of formula VII, the symbols 


OH 



(!)H 


Formula VIII. 


H 


H — 
H — 




\/ 
Formula IX. 


H 


I 

or I ^ 

I 

Formula X. 


may be used, the atomic complex 3AI2O3 being then represented by 

/\ 

1A1| 

\/ 

Formula XI. 


The radicals indicated by the symbols in formulae VI and XI are 
termed ‘‘Hexite,” 6 SiOg being known as “Silicon hexite’' and 
3 AI2O3 as “ Aluminium hexite.’’ 

Per Silicon hexite and Aluminium hexite the respective symbols 

Si and A1 

will also be employed. 

The hydrates of these hexites — such as : 

6 H^O • 6 SiOg, 

4 H *0 • 6 SiO*, 

3 HjO • 3 AI 2 O 8 , etc., 

are termed “ Hydrohexites.” 


II. Pentite 


If five molecules of Si(OH)4 or Al(OH)3 form “ rings in a manner 
similar to hexite, the following structural formulae are produced : 

(0H)2 (0H)2 




Si >=(OH), 


(OH), 

Formula XII. 


OH OH 

1 + 

At ^ 

OH OH 

Formula XV. 


H2 H2 

! 

a V 

6^ 


■H, 




L, Hj 

Formula XIII. Formula XIV. 


H H 


A1 


H H 

Formula XVI. 


'sr'* 


Formula XVII. 
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If the appropriate number of HgO molecules is removed the anhy- 
drides 



Formula XVIII. Formula XIX. 

are obtained. 

The meaning of the symbols and formulae XII-XIX is clear from 
the statement made with regard to hexite ; in addition, the sign + in 
formulae XV, XVI, etc. indicates that an even number of these 
radicles must be present, as such an expression as ^ (5 AljOj) (Formula 
XIX) is impossible with existing conceptions of molecules. 

The ring-forming polymerisation-products represented by formulae 
XVIII and XIX are termed “ Pentite,” that corresponding to Si(OH )4 
being referred to as “ Silicon pentite,” that corresponding to Al(OH)s 
as “ Aluminium pentite,” and the hydrates : 

5 H^O • 5 SiOj, 

3 H,0 • 5 SiO„ 
i (5 H,0 • 6 Al^O,), etc., 

as “ Hydropentites.” 

The pentites of silicon and aluminium will be indicated by the 
symbols : 

Si and Al, 

respectively. 


B. The Representation of the Chemical Structure of the Complex Alumino- 
silicic acids and their Anhydrides by means of the Silicon and Aluminium 
Pentites and Hexites. 


The silicon and aluminium hexites and pentites just mentioned, 
provide the “ building stones ” or nuclei for the acids and anhydrides 
under consideration. With their aid the mode of formation of the acids 
appears to be in accordance with the following rules : 

(a) The hydrohexites or hydropentites of aluminium unite with 
those of silica or vice versd, the two neighbouring hydroxyl groups in 
the ortj^position in these rings splitting off the elements of water, 
two other OH-groups, also in the ortho-position in the silicon ring, 
losing their hydrogen atom and forming free H^O. 

By this means : 

1. From one aluminium hydrohexite and two silicon hydrohexites, 
viz. from SHgO • SAljOg and eH^O • GSiOj, is obtained the formula : 


(OH)* 

II 


(OH)*=, 



(OH). 


(OH)*=l^/i^O— (OH), 


(OH), 


(^H 


(OH), 


This may be expressed in four abbreviated forms ; 
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(OH), OH (OH), 
n I II 


(OH),=/ 
(OH),= , 


)=(OH), 


A1 Si 


(OH), OH (OH), 
H, H H, 


S^ZfSil Al[ Si Zff 

Jtlo — I A ) — -LI2 


H, H H, 


Si A1 Si 


(S) H;8(Si • A1 • Si). 

2. From a silicon hydrohexite (SH^O • eSiO^) and two aluminium 
hydrohexites (SHjO • SAljOs) is obtained the formula : 


or the symbols : 


oh-,<\-o-i<^-o-i<N-oh 


OH OH OH 
I I I 

A1 Si A1 , 
OH OH OH 


H H H 

I I I 

j“|Al'|'silAll“: 

TiT 

|A1 Si|Al[ 

-yS^Y" 

H%(Al • Si • M). 



gTKl'CTl’WAI. roUMVLM FOR 
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3. From mil* iihniuiiium hytirolmxito (311/) • 3Ala<).,) and two 
«i!ir«»n hyiir«»|}»'!»tst«‘f‘ • fiSiO^) uni obtaiiifd tin* ?iymhols : 


I! /X H 

*“1 Si ' A1 !.Si > 

I. <! 

(/d • Al ■ Si), 


whit b iir«'4 no IurUii*r I'XplunHtion. 

Fr«4ii (rt) it InlhnvH thul rat h uluminium hytlrohoxiti* can 
with twii nr Hi m<Mt Ihroi' hy«Iroh<>xif<*H or hydroiH'ntitcH, vvator 

Im'Iiir Nitlit off. Th«* rwvrnv w nut urally thi* tuiHo with t ho Hiiictni hytiro- 
hfxiti*!« ; thi* JiytlrttjMOititi'H rtn tlu» <-ontrary nin (jliviottKly c ionhine 
with, at inojit, two hy4rohi'xiti«>». 

(5) Only thoxo tyjitsi an- from tho rwlit loH jiwt nion- 

tionctl, in whi« h tht* " ringH " or nucioi art? <ii«trihutf4 quit** wym- 
metrifiilly. From thin it follows ; 

i. That ttMish lyjM'H na : 

Si • Xl • Si,* 

Si • Al • 6i, 


are r«fii|tl«'U’ly exrliitli’dl aa thoy are unaymmetrical. 
2. The typi? 

Si - Xl 


mtifil h** ilouhlwj. It then yieltia two iaomcricr tyjww : 

Si ■ Al ■ Xl ' S^i, 

Xl • S^i ■ Xi ■> Al, of which 


(3) both pntl« miwt lit* formucl of abaoliittdy Mimiiar riulinhfx, m : 


Hi * Al * Hit 

Hi » Al * ^i * At • Hi, etc*. 


It »l«i fcillciwp ilifti frciiii tiicf 


i» iiieli im$mm : 


lii * #Cl * Hi 
Hi * fli * Al 


k fiomiiiii** 

f€| Till? riifi fiiiif hmm -ft grotoip of two nimiiiir riiflieii^pi of the 
mm** eieiiii*iit* iii flu* ffiiilflk* mmt mi mt tho enck. Kveii itt tint 


* II Mim «y#f *#« m4 ^ l •utlt doiiMici 
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middle they cannot have more than two similar of the mitnv 

substance. The following types are therefore excludeci : 

Si • Si • a 1 - Si • 8i , 

si • Al ' .'(l ' * Si, 

iCl ■ iVl • i^i • Si • Al • Al, 

a 1 • Si • Si ■ S*i ■ Al, «‘te. 

From what has been already stated it will be wen that fin* following 
structural formulie are possible : 


i' Si 1 Al I Al fsi]" = HL (Si - Al ■ Al • Si| H» H.tJ • fi Al,«». ■ 12 SsO, 
=\/\/\/V 


2 I Si| Al |Al|Si I = HJ, (Si -iCl • Al •Bi) 6If,0 -6 Al.Oi- 12 SiO, 

■ ^'^,/YYY" 


II . . 

3. «/Hi| Al|Al[8i)>» Ai • Al-Si) s H.tJ-n Al.U, • m 

V \/\/ I! 

I I 

1 AA„ I 

4. — /Si I Al I Al |8i y.- « HJ. (Bi ■ a'I ■ A*1 ■ Bi| -^5 H,« • fl Al.tt, - lOBiO, 

I \/\/ "l 

I i 

/\ \A/\ 

6. “I Al fsi I Si] Al r «. MJ, (il • ■ Bi • aV) « 8 H,D • 0 Al.Oi • 12 SiO, 

"YYY^r 


6 . jAllSilSilAll »= MS (Al- 8 i*ii'Xn « 4 H, 0 -e AI*().' 12 M», 

“X/X/X/N/"" 

I I 


i.^AA_i 

7 . I Si I Si I Ai): » Hf, (Al • Bi ■ lli • Al) « B U,i 

' 'YV'i 


BH,(> .*• A!,0, • 12 S,0, 


f 
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12 . 




= 6 H,0 • 6 SiO, • 9 A1,0, 
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= H. 

^ AT 


3 H,0 • 6 SiOj • 9 A1,0, 


=|hs|^ Si^S^|=6H,0-12Si0*.15Al,0, 



(SVil-Si-^-Si) 
12 H,0 • 6 Al, 0, • 18 SiOj 


16. 



=H;, (Si-il-Si-Al-&)=8 H,0 • 6 Al,Oa • 18 SiO, 



=HL (Si-^-SVAl-Si)=6 H,0-6 Al,0.-16 SiO, 
etc. etc. 


The types produced exclusively from the hexites (e.g. 15 and 16) 
are termed primary ” or major types ’’ ; those which contain 
both hexites and ‘‘ penta radicles ’’ (3, 4, 7, 10, etc.) are known as 
‘‘ secondary ” or “ minor types.” 

Having now shown the chief features of the hypothesis relating to 
the bonding of the atoms in the aluminosilicic acids, it is necessary 
to ascertain how far the facts support this new theory. 


0. Oonseauences which follow from the “Hexite-Pentite Theory” 

I 

If the aluminosilicates are really free acids or salts, of which the 
anhydrides can be produced from aluminium and silicon hexites and 
pentites in accordance with certain laws or rules, it follows that in 
that class of reactions known as ‘‘ double decomposition ” the alum- 
inium cannot be replaced by other elements, but that the alumina- 
silica ratio must remain constant. 
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CONSEQUENCES OF THE H.P. THEORY 
Hoia.ce in reactions of this kind, involving the following silicates : 

(a) 6 Na^O • 6 AI2O3 • 12 Si 02 = Nai^l^i • A1 • A1 • ^i), 

(b) 3 Na^O • 3 AI 2 O 3 • 12 SiO^ = Na 6 (^* A1 • Si), 

(c) 3 Na^O • 3 AI 2 O 3 • 10 SiOa = Na 6 (Sr • A1 • ST), 

c^Txly “tiiose atoms which are outside the brackets (i.e. the sodium atoms) 
l>o replaced by potassium, magnesium, calcium, etc. No such 
i*ej>l^eexaent can occur with the aluminium atoms and the alumina- 
x*SLtio must remain unchanged. 

-A.S ^ matter of fact, no replacement of the aluminium by elements 
wlaiolx form oxides of the RgO or RO type has yet been observed either 
ixi flics so-called pseudomorphous processes or during the course of 
exporiiaiental researches in the laboratory. 

I-«oxiaberg (see Appendix^ following Table IV) by treating an 
a^irf ificigilly prepared compound 

0.5 • 5 KaO • 6 AljOs • 16 SiO» = NaKi„(Si • ij • §i • A1 • Si) 

wifli "varying amounts of salt-mixtures (sodium and potassium 
ettloxidLes, potassium and magnesium chlorides, etc.) obtained the 
following compounds, all having the general formula : 



Ru(Si 

A A 

• A1 • Si • 

A1 • Si), 



1 . 

NajO • 

4.5 K 2 O 

• 6 AI 2 O 3 

•16 

SiOj, 

2 . 

2 NajO • 

3.5 K,0 

• 6 AlgOa 

•16 

SiOj, 

3. 

2.5 Na^O • 

3K»0 

• 6 AlaOs 

•16 

SiOs, 

4. 

3 NajO ■ 

2.5 KjO 

• 6 AI 2 O 3 

•16 

SiO„ 

5. 

3.5 Na^O • 

2 KjO 

• 6 AlaOs 

• 16 

SiO„ 

6 . 

5 NajO • 

0.6 KaO 

• 6 AI 2 O 3 

■16 

SiOa, 

7. 

1.5 KaO • 

4MgO 

• 6 AI 2 O 3 

•16 

SiO*, 

8. 

2 K *0 - 

3.5 MgO 

• 6 AlaOs 

•16 

SiO„ 

9. 

2.5 K,0 • 

3MgO 

• 6 AI 2 O 3 

•16 

SiO», 

10 . 

3K,0 - 

2.5 MgO 

• 6 AI 2 O 3 

• 16 

SiO„ 

11 . 

1.5 KjO • 

4 CaO 

• 6 AI 2 O 3 

• 16 

SiO„ 

12 . 

2 K ,0 ■ 

3.5 CaO 

• 6 AlaOa 

• 16 

SiO„ 

13. 

2.25 K^O •; 

J.25 CaO 

* 6 AlaOa 

•16 

SiOa. 


I^xom all these thirteen compounds he could only obtain a replace- 
meni> of the atoms outside the brackets : 

NaKio(Si-iJ-&-iJ*Si), 

^nc3L fixe alumina-silica ratio remained constant. 

^ large number of analogous phenomena might be mentioned, but 
f Itoy all lead to the same conclusion, the following will sufi&ce. Thus, 
flao Bilicate 

(0.5 Na^O • 2.5 CaO • 3 AI 2 O 3 • 18 Si 02 • 17 H 20)2 
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is converted by a six weekrt’ treatment at 100'* with Kf ‘i ( we App> ndix, 
Table I, No. 39a) into the comjiound 


K 


,0 • 3 Al.O, • 18 8iO, • 13 If.O * 13 11,0. 

' "^'Si 


This potassium salt is converted by a fortnight’s trentmi-nt at 
100° with sodium chloride solutiotj into the sfaliuni salt (see Apittn- 
dix, Table I, No. 39b) 

16H,t). 

'.s/ 

The potassium salt 


3 Na,0 • 3 Al.O, • 18 SiO, ■ IH H.O 


3 K,0 - 3 At,0, • 18 SiO. • H.O » K, • 11,0 


w 

after a week’s treatment at 100° with sodium chlorirh* solution is con- 
verted into the sodium salt (sc« Appendix, Table I , No. 3W) 

/ \ 

3 Na,0 • 3 A1,0. ■ 18 Sit), ■ 8 H,0 » Na J A1 ) • H If ,f I 

bV 

The sodium salt (sec Apj/endix, Lemberg's Expfs., Heriei If (e) 

...a, ) 

. •«.' ) 

is converted after a hundred days’ troatment with jmlassium » hlorida 
solution at 200° into the potSMium salt 

I , Si, 

(3 K,0 • 3 A1,0, • 15 SiO, • 1| H,0). »{ 


(3Na.O • 3 AI.0, • 15 SiO, • 7* H.O),** 


Na, I^Al 


.^Alfhij- 1111,0 

and the sodium salt ' 

3 Na.0 • 3 A1,0, • 12 SiO. « 8 H,0 - Ha,(& • ^ • Si) • « H.O 

by a three weeks’ treatment at 100° with |M>Mnm ehtoiide «.il«tion 
(see Appendix, Table II, No. 45a) into the potaasium salt 

3 K.0 • 3 A1,0. • 12 SiO, - H,0 « • A1 * Si) • H.O. 


II 


The MW hypothesis impifes a genetic relatwnshjp belwwtn lb# 
various alumm^dmates ; under suitable eonditiona tlwy nnist W 
mutually convertible. 


GENETIC RELATIONSHIPS 
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Thus the silicarte 

3 Na,0 • 3 AlaO, • 12 SiO^ = Na,(Si • A1 • Sl), 
can change into the silicates 

(а) 3 K^O • 3 A1,0. ■ 12 SiO» == K,(Si • M • Si), 

(б) 3 MgO • 3 AlaO, ■ 12 SiOa = Mg 3 (Si ■ A1 • Si), and 

(c) 3 CaO • 3 AlaOa - 12 SiOa = Caa(Si • A1 • Si), 

the sodium being replaced by potassium, magnesium or calcium. 

A conversion of the substance 

3 NaaO • 3 AlaOa • 12 SiOa = Na.(Sl • A1 • ^i), 
into the compounds 

(а) 3 NaaO • 3 AlaOa • 10 SiOa = Na,(^i • A1 • Si), ^ 

(б) 3 NaaO • 6 ALO, • 12 SiOa = Na.(^i • id • Al • ^), 

(c) 3 Na.O • 6 AlaOa • 10 SiOa = Na.(Si -il • Al • Si), 

can be effected, in case (a) by the conversion of the silicon hexite into 
pentite, in (6) through the addition of an aluminium hexite and in (c) 
by the simultaneous transformation of the silicon hexite in (6) into the 
corresponding pentite. 

In this manner a series of changes in aluminosilicates prepared 
artificially by Lemberg, Thugutt and others, and the numerous 
naturally occurring changes which have been observed may be clearly 
represented. 

Thus, Lemberg (see Appendix, Series B) : 

1. By the action of caustic soda solution of various concentrations 
on the sihcates : 

(a) 3 Na^O • 3 Al^O, • 12 SiO, • 6 H,0 = Na.0 • Al • §i) • 6 HaO, 

(b) 6 NaaO • 6 AlaO, • 12 SiO* == Naia(& • Al • Al • ^i), 

(c) 6 HaO • 6 AlaO, • 12 SiOa • 6 HaO = Hia(^i • Al • Al • l§i) • 6 HaO, 

obtained, from the (a) compound, the substance 

6 NaaO • 6 AlaO, • 12 SiO, • 15 HaO = Naia(Si • Al • Al • Si) • 15 HaO, 
from (b) the substance 

8 NaaO • 6 AlaO, • 12 SiOa • 7 HaO = Nai.(Sd • Al • Ad • Sl) ■ 7 HaO, 
and from (c) the silicates 

6 NaaO • 6 AlaO, • 12 SiOa * 15 H,0 = Naia(S"i • Al • M • Sd) ■ 15 HaO and 

8 NaaO • 6 AlaO. • 12 SiOa • 7 H,0 = Na.'.C^ • Al • Al • Si) • 7H,0; 

2. By treating the silicates (see Appendix, Lemberg Series B). 

(a) 6 NaaO • 6 Al.O, • 12 SiO, = Na.all^i • Al • Al - Si), 

(b) 3 NaaO • 3 AlaO, • 12 SiO, • 6 H.O = Na,(^i • Al • ^i) • 6 HaO, and 

(c) 3KaO • 3 AlaO, • 18 SiO, = 
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with sodium silicate, he obtained from (o) and (5) the substance 

(3 Na,0 • 3 Al^Os • 15 SiO^ • 11 HaO)^ = 

and from (c) the compound 

3 Na^O • 3 AljO, • 12 SiO^ • 6 H^O = Nae(Si • A1 • Si) • 6 H^O ; 



3. From the silicate 

(0.5 Na,0 • 2.5 CaO • 3 Al^O, • 18 SiO^ • 20 H.O)^ 


NaCa 



by treatment for fifteen months at 100° with 20 per cent, sodium 
carbonate solution he obtained the compound (see Appendix, Table 
II, No. 44) 


(3 


Na^O • 3 AlaOa • 15 SiO* • HaO)a = \ 



15 HaO, 


and by treatment for two months at 100° with a 25 per cent, solution of 
sodium sihcate, the substance 

3 NaaO • 3 AljOa • 12 SiOa • 6 H,0 = Nae(Sl • il • ^i) • 6 H.O ; 


4. From the silicates : 

6 HjO • 6 AlaOa • 12 SiOa • 6 HjO = H„(& • A1 • A1 • ^i) • 6 HaO, 

6 NaaO • 6 AlaO. ■ 12 SiO, = ]&aia(^i • A1 • A1 • ^i), 

6 NaaO • 6 AlaOa • 18 SiOa • 12HaO a= Naia(^i • Al • gi • ll • ^i) • 12 HaO, 

3 NaaO • 3 AlaO, • 12 SiOa • 6 HaO = Na.(^i • A1 • ^i) • 6 HaO, 

3 KaO *3 AlaO, • 12 SiOa = K.(^i • Al • di), and 


3K,0 • 3 AlaO, • 18 SiOa 



by treatment with a mixture of sodium chloride and caustic soda 
(see Appendix, Lemberg Series A) he obtained a “ sodahte ” ; 

(6 NaaO • 6 AlaO, • 12 SiO,) • 4 Nad • 4 H,0 
= ]^aia(^i • Al • ,5il • Si) • 4 Nad • 4 HaO ; 

5. From 

3 KaO • 3 AlaO, • 12 SiOa = K.(& • A1 • ^i), and 
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he obl«»it<l tin* “ etxlftliti? *’ 

m K/J ■ « Ai.O, • 12 SiO.) • 2 K(!l • K H,() 

• a1 • a'I • Hi) - 2 KCl ■ K if,0, 

by trratinnit with ft mixture? of |M>taHHiiun <■h^()rkic and eauHtic potash. 
( 1 . Fr«*m ttw f*ilirftU*« ; 

n H.H • .1 y,o. ■ 12 HtO, ■ « fl,{> ■ A 1 • A 1 • Hi) • 6 rf.O, 

rt N.n«t • R Al,t», • IH S|H, • 12 il.o • AI • Hi • A 1 ■ Hi) ■ 12 H.O, 

.1 X«,» t • 3 A!,i>, ■ 12 Sif ), • « 11,0 N«,(Si ■ Al - Hi) • « H»0, 

3 K,M -3 AJ.tt, • 12 Hitt, = K,(Hi • Al • Hi), 


3K«,a -3 Ai,0,- iHHiO, 


3 K,fl • 3 AI.O, • IH KiO, 



and ft mtnitm* «f iwiditim suiphatf and e iiUHtic soela ho obtained the 

(« Ka.O • 0 AI.O, • 12 HiO.) ■ 2 Xu,H()« • fi H.O 
* Xa„(Hi • Al ' A! • Hi) ■ 2 Xft,H(), • 8 U.O ; 


1. Frt»ni thi* ri»m)K»umlii : 

8 lf,ll • 0 Al,t*. • 12 HitI, ■ fl H.O ll„tSi ■ Al • Al • Hi) • 8 H.O, 
X«,i) • II A1,ll, • 12 Hif ), « X«„(Hi • Al • A'I • Si), 

3 Xft.ll • 3 Al,tl, • 12 Hi«, • 0 H,0 Xa.(.Si • Al • ^i) ■ 8 H.O, 
3K,0 -3 Al,0,' 1 2 Hit), 

3 Xft/I • 3 AI.I), • IH HiO, 


K.{Si • Al • Si), 



and Hilicale bis »»btftii«?<l the swlalito ” 

CR Kii,0 • 8 A1,0, *12 SiO.) - 2 Xft,SiO, • 8 H.O 
*> ’ Al ' Al • Hi) ■ 2 XniHiO. • H H.O j 


ft. Fr«m lbi» : 

fl If ,0 • 8 A1.0, ■ 12 HiO, • fl H.O - H„(Si • Al • Xl • Si) * 0 H.O, 

3 Xti.i i ‘ 3 Al,0» " 12 HiO, • 0 11,0 »• ^a,(6i ■ Al • ^i) • 0 H»0, 

3 K ,f I • 3 A! ,0, • 1 2 HiO, - K,{Hi • Al • Si), 

unci a robstiiro of Jiodliuin rarbonate and caustic soda he obtained the 

**■ * * 

3 r« X«,0 ■ fi AUO, • 12 HiO.) ■ 4 Na,CO, • 30 H,0 
w I X«„(Hi ■ Al • Al • Si) } i • 4 NftiOO, * 30 H.O. 
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From these researches of I^mberg’s » genet if relationship between 
the compounds of the five following types ; 

1. Si ■ A1 ■ l^i, 

2. Si ■ A1 • AI • Si. 

3. Si • Al • Si ■ Al ■ Si. 

/I 

4. Al^^Si and 

\si 


5. 


^Si 

Al^Si 

Si 


can bo traced. This is sliown in the following Table 


Table showing the Besolts of Lemb«rg"s BmmtcIim 
(o) Series 1. 


Si • Al • Si » Hi ■ Al • Al * Hi. 


(6) Series 2. 


(c) Series 3. 


Hi • Al • Al ■ Hi 
Si • Al • Si 

A 

Al(Si” 
Hi 


>Hi 

::ai 

Hi 

si ■ AI • si 

.Hi 


"■^Si-Al-si 
(d) Series 4, 5, 6 , 7 and 8 . 

i^i • Al • Hi • Al ■ Hi 

Hi • Al • S'i — *> Hi • Ai • Ai ■ Hi 
Si ^ 

AlilH'i 


\ 


■Hi 


By^<hgS?S^^kwlin Thugutt produre analogous reawlf # ; 

(a) 6 H,0 • 6 A1,0, * 12 SiO, • 6 H,0 ■■ If„(Hi • Al • Al • Hi) • « 11,0. 
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with 2 per cent, ce-ustic potash solution at 192-202° he obtained a 
compound 

(J) 6 K»0 • 6 Al^Os • 18 SiO, • 18 H,0 = ±12(81 • Ai ■ Si • iU • Si) • 18 H2O ; 
with 1 per cent, caustic soda solution, a compound 

(c) 6 Na,0 • 6 AljO, • 16 SiO* • 10 H^O = ±ai2{Si • A1 • Si • Al • ST) • 10 H^O; 
with a 'mixture of caustic potash and potassium silicate two products 

(d) 3 H2O • 6 K2O • 6 AI2O, • 15 SiOi • 6 H^O 

= H,±i2(Si • Al • Si • Al • Si) • 6 HjO, 

(e) 3 K,0 • 3 AljO, • 10 SiOi • aq. = K.(Si • Al • ST) aq. 

From the above-mentioned experimental researches of Thugutt a 
genetic relationship may be shown between the compounds of the 
types : 

(a) ^i • Al • Al • Si, 

(b) Si • .AJ • Si • Al • Si, 

(c) Si ' Al • Si * Al • Si, 

(d) a • Al • si • Al • Si, 

(e) Si • Al • Si. 

From these results it follows that compounds of type (a) may be 
converted into those of type (6), (c), (d), and (e). 

Friedel has, however, found that compounds such as 

Si • il • Al • si 

can also be converted into those of other types. By treating muscovite : 

4 H,0 • 2 K2O • 6 AI2O2 • 12 SiO, = HJK«(Si • Al • Al • Si), 

with a mixture of potassium silicate and potassium carbonate, 
FriedeF*® obtained the compound 

3 K.O • 3 AljO,- 18 SiOj = ±.(^^Si) 

Interesting conversions of alnminosilicates have also been observed 
in Nature (pseudomorphous processes) ; these give results analogous 
to the experimental researches just mentioned. 

Analcime^^^ 

3 Na,0 • 3 AI2O3 • 12 SiO* = Nae(Si • Al • Si) 
can change into muscovite 

4 H3O • 2 KaO • 6 AI3O3 • 12 SiO* = 6sK4(Si • Al • Al • Sl), 
and prehnite 

12 CaO • 6 AI3O3 • 18 SiOa • 6 H^O = Caa3(Si • Al • Si • -AJ • Si) • 6 H^O. 




46 CONSEQUENCES OF THE H.P. THEORY 

The silicates : 

6 NaaO • 6 AljOa • 12 SiOa (nepheline) 


3KaO 
6 NaaO 


3 AlaOa • 
' 6 AlaOa • 


12 SiOa (leucite) 

12 SiOa • 4 NaCl (sodalite) 


= Naia(Si • A1 • A1 • Si), 

= :Ka(Si • A1 • Sl). 

= Naxa(Sl • A1 • A1 • Sl) • 

4 Naa, 

3 CaO -3 AlaO, • 12 SiOa • 12 HaO (laumontite) = Caa(Si • il • Si) • 12 HaO 
may all change into analcime^^^ 

3 NaaO • 3 AlaOa • 12 SiOa = Na.(Si • ij • Si). 

In Nature, orthoclase^^* 

/ SiN 

3 KaO • 3 AlaOa • 18 SiOa 




has also been found to change into 

6 HaO • 6 AlaOa • 12 SiOa * 6 HaO (kaolin) = Haa(Si • Al • il • Si) • G^HaO 

3 NaaO • 3 AlaOa • 12 SiOa (analcime) = Na,(Si • • Si) 

6 NaaO • 6 AlaOa • 18 SiOa • 12 HaO (natrolite) = Naxa(Si-Al-Si-Al-Si)-12 HaO 

2 HaO • 8 CaO • 6 AlaOa • 12 SiO* (epidote) = HaCasl^i • A1 • A1 - Si) 

3 HaO • 3 AlaOa • 12 SiOa (pyxophillite) = H6(^i • A1 • Si) 

/ /Six 

3 NaaO • 3 AlaOa • 18 SiOa (albite) = fe.l AI^Si I 

4 HaO ■ 2 KaO • 6 AlaOa • 12 SiOa (musco-pite) = H:8K4(S1 • A1 • A1 • Si). 

Natural orthoclase^** is formed from 
3 CaO • 3 AlaOa • 12 SiOa (laumontite) = Caa(Si • Al • Si), 

3 NaaO • 3 AljOa • 12 SiOa (analcime) = Nae(Si • Al • Si), 

3 KaO -3 AlaOa • 12 SiOa (leucite) = K.(^i • il • Si), and 

12 CaO • 6 AlaOa • 18 SiOa (prehnite) = Caj 2 (Si • Al ■ ^i • Al • ^i). 

Leucite^*® 

_ 3 KaO • 3 AlaOa • 12 SiOa = K.(Si • il • ^i), 
may be changed into nepheline : 

6 NaaO • 6 AljOs ■ 12 SiOa = blaialSi • • id • Si), 

and nepheline into natrolite : 

6 NaaO • 6 AlaOa • 18 SiOa • 12 HaO = Naia (Si • Al • S‘i • Al • Si) 12 HaO, 
etc., etc. 

Table showing the Natural Changes of the Aluminosilicates 


1 . 



Al • Al • Si 
id • Si • Al • ^i 

^i • Al • Si • Al 
Sl • Al • si 


Si 


2 . 
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I IlAKtiKH IN «\LrMIN<iHn.ICATES IN NATURE 




r Si 

■ Al- 

• Al 

.M .xi 



• Al 

• Hi 

,s'i 


-.»• Hi 

; • ,\1 

' Hi 

Si • Al 


— 

— — 


Si • Al 

. Hi • 

Al • 

Hi 



Si 

X. 

•Si 


I«< «-(fm-»jnriirc't4 thf gri-nl vnriwty <>f «iHfat«i8,tho variouH products 
fcruiMl irmii Ihpm !»y Ihi" m tiun cif thts weather arc naturally very 
The ihi’IiiImth «4 tli« felnpar group are partitailarly dis- 
Ungiu^Iuti l»y the iimltipUfity t»f tludr products. For inHtanco, 
{lotaAh l« l#par is rtmvertrd, on Wfathcring, into kaolin, whilst other 
WMthcr>jir«*«Iur|s (in the tonnation of which water as well as air is 
iH«’w»ryl are iniis«fivitc i»n«t c]iitii)tc, with, less frequently, chlorite 
mtd iroIiU', Idine felspar, on weathering, forms calcareous zeolite 
{cbfth«Aiti% fthillipjpsite, <!e,»imiue, heulandite, and, less frequently, 
Ifttimnniite, skelezile, etc,), ttiKin felspar forms sodic zeolites (anal- 
rime, nalrolite, etc.j. 

The srapoUie minerals, c»n artive wi*nthcring, produce epidote, 
iilhite, hiolite r»r nniscovili* and, finally, kaolin. 

The lines are sehlom alliu’ted hy the weather, but if so they 

pfiidttMB nika, rhlorife. el*-, 

}%»me »«oJites (analrime, laiimonfite, prehnito) arts c^onverted into 
felupannon e*fj*s*uni to f hewcathtsr. TIhi z<*oIitea may also be eonverted 
Into nihttr jMstdiles, as natrolite into prchnitc.analcimo into natrolite, 
and f|)uiti*s»le 4nt«» natrolite. 

Th«? tr#e#rchesof Ij»»inI»erg,Thugntt, and Doelter have shown that 
KBohti's are easily convcrte«} into other compounds by acldition to, 
sMhtr»rtton irt»in. or nqihw-ement of, some of their c-onstituonts. 

Vrftiwtlsky’** has «b«’rvcd that when granite is fused, aluminosili- 
mtm {e g. anorthite) and ortbfisilieates (o.g, olivine) are produc^ed, as 
in the fi-srarrhes of Ihsdier anti others. 'I’he granites may also be 
furmol liy a reverse rem lion frr»m arthiisllicates ami alnminosilicates 
at a high temperature, ririuntes ait? also I'onvertml into mica, chlorite, 
minerals of the nepheiine group, elays, etc, 

AH iheuMf j-hanges are in aecorclanco with the stjcond consequence 
of thi* new hyjadhesis, and tli« existence of a genetic relationship 
bi»tw«‘i'H the %*arioMs aluininosilteatea may now bo regarded as a fact 
whirfi is e«tahHshwl beyond dispute. The natuw) of this relationship 
can also b*? satisfm l'orily explained by the proposed theory. 


nr 

The hexileqientite liypotheab* lenders possible a system of com- 
ptete rhemknl elawifltmtion of the aluminosilicates on the basis of 
tin if nature as complex anbyilride*. 
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CONSEQUENCES OF THE HP. THKOKY 

In order to see how far the coiiwfiui'nccM <if thi^ 

agree with the facts, it was deeideci f lit' fririiitilir nf ii 

large nuniber of the analyses of aliiminosilieiiteH m liiiitii* n 

“ Handbuch/' 

As some atoms or atomic groups ran bi» rf.*jilar«l liy unfit 

— e.g. the atoms K, Na, Li or Ca, Mg, Fo", or tlo* groi,|.. 

AljOs, Fe^Oa, CrjO^, MnsO,, etc., or TiO,. . it ««« 

sidered desirable to make the caietiiation of the forinnli*' ui h « 
manner that, instead of calculating the ntimlier of iitojni, oJ c.i. h 

substance separately, the replaccaiile stih’^tunccH were tiilo n f 

in groups, thus : 

Si,Al,(Ca, Na„ 

(Si,0.).Al(Li. Ka, H) (petalitei.'*’ 

(Si, Ti).0„(Fe, Mn) (Na, K), (ui-ptunite).*** 

This method of simplifying the ealculution is due to Berjodiu****. 
who recommended its use — not for all enw's, f»ut for thoM’ in lti« h the 
constituents of a substance bear no simple relation to each other. 

Gerhardt*®®, who undertook a re-formiilalion of the siii«at«s dal 
not follow the suggestion of Berzelius, hut iwlthsl the variou’* lia*« « (me h 
as lime and magnesia) together, even when they bore a simple relation 
to each other. The authors of the pnjMmt volume pr*'fer. how* v« r. 
to adopt a grouping which more; closely resimihtiw that of Ih^rri'liwt* 

By this means it is possible to convert the true formula • the 
interpretation of which is almost ini possible on a^Tounf of the prcM-nie 
of a number of substances in small tjuanlifies‘-“into a formula which 
is simpler, and in many easiis—but not all— 1<» produ< « a formula »hi« h 
may be interpreted with ease. 

In re-arranging the formula, the authors have emieavourtal to 
keep as near to the true formula as possible, *o us to obtain rejuilis as 
quantitative as well as merely qualitative value. In many instances 
this led to apparently complex formnlie, but even ihewe may \m 
represented atomically. 

Calculations, by this means, of the fomiul* frf»tn a large tiitnib* r 
of analyses of clintonite, mica, seaptiHte, orth«s*hlorife, Piurmslme, 
and fokpar, showed that many coRifioiinds of this gronp may la? 
arranged quite systematically, aeeonling to the tyjie to whi: h they 
belong. The results of this eaiculation of the fortnulin (row the 
analytical figures are given in the App^mlir, Thi* following tyi** i* »if«' 
selected because a large numbw of the eomfmumfs previously n>rr<» 
tioned will be found to fit them, 

* 7^ conversion of all the analyUeal fl{|uri»s lBt*> oiwlMjttliwr r#*#*,* i» f}»«* 

‘ true formula m distinot fn»m the approximate formula U» th« ao- n 

proposed. ’ 


CALCULATION OF FORMULA 
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A. Types of the Clintonite Group * 


I. 

R • gi • :i^ 


6 RjOa • 6 SiOj, 

II. 

R • Si • R 


6 RjO, • 6 SiOj, 

III. , 

Si • 

== 

6Ra08-12Si0a, 

IV. 

s'!-! - R - Si 


5 RaO, • 12 SiOa, 

V. 

Sl • • R • Si 


6 RaOa • 18 SiOa, 

VC. 

Si • R • Si ■ R - Si 

= 

6 RaO, • 16 SiOa, 

VCI. 

R • si • R • Si • R 

= 

9 RaOa • 12 SiOa, 

VIII. 

R-Si-R-^i-R 

= 

8 RaOs • 12 SiOa, 

IX. 




Si^R 

= 

9RaO, • 6SiOa, 

X. 

«!■ 

= 

15 RaO. • 12 SiOa. 



B. Types of the Mica Group 

I. 

^i • • ^i 

= 3 RaOa • 12 SiOa, 

II. 

Si * R ‘Si 

= 3 RaO, • 10 SiOa, 

III. 

ySi 

= 3 RaO, • 18 SiOa, 

IV. 

vol 

6^- 


R^Si 

^Si 

= 3 RaO, • 16 SiOa, 

V. 

R • ^i • :r 

= 6 RaO,- 6 SiOa, 

VI. 

R • S'i • R 

= 5 RaO,- 6 SiOa, 

vn. 

s'i • • :ift • ^i 

= 6 RaO, - 12 SiOa, 

vni. 

Sl-ll-R -si 

= 6 RaO, - 10 SiOa, 

IX. 

§i • R • R • Sl 

= 5 RaO, - 12 SiOa, 

X. 

si • • ^i • :6, • sl 

= 6 RaO, • 18 SiOa, 

XI. 

Si • R • Si • • ST 

= 6 RaO, - 16 SiOa, 

XII. 

Si • R • ^i • R • Sl 

= 5 RaO, - 18 SiOa, 

xni. 

• Si • • ^i • R 

= 9 RaO, - 12 SiOa, 

XIV. 

a-R-a-R-Si-R' 

■ sr= 9 RaO, - 20 SiOa. 


In the Appendix the types are arranged in i^e order of the R20a present ; on the 
present page they are placed according to their relationship with respect to their 
chemical structure. 
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0. Types of the Scapolite Group 


I. 

Si • R • Si =3 RjO, • 12 SiOj, 

II. 

ST • :R • Si =3 R 2 O 3 • 10 SiOa, 

ni. 

Si • ll • R • Si =6 R 3 O 3 • 12 SiOj, 

IV. 

Si • R • R - Sl =5 R 3 O 3 • 12 SiOj, 

V. 

Si • R • Si • R • & =6 R 2 O 3 • 18 Si03, 

VI. 

Si • R • Si • R • Si =6 R 3 O 3 • 16 SiOi, 

VII. 

Si-R-Si-R-Si = 5 R 3 O 3 • 18 SiOj, 

VIII. 

a-:R -Si-Si-ll -^i = 6 R 3 O 3 • 22 SiOj, 

IX. 

Si • R • Si - Si • R • Si =5 R 3 O 3 • 22 Si03, 

X. 

Si-R-a-R-Sl-R-Sl = 9 R 3 O 3 • 20 SiO*, 

XI. 

R^Si == 3 R 3 O 8 • 15 SiOj. 

^Si 


D. Types of the Orthochlorite Group 

I. 

Si-]R-Si =3R30,- 12SiOs, 

II. 

Si • R • Si =3 R303 • 10 SiOs, 



III. 

R^Si = 3 R 3 O 3 • 18 SiOs, 


^Si 



IV. 

R;-Si = 3 R 3 O 3 • 15 SiO„ 

^Si 

AAA 

V. 

R • & • R =6 RaOs • 6 SiOs, 

VI. 

R • Si • R =5 RsOa • 6 SiO„ 

VII. 

Sl • R • R • S'i =6 Rs03 • 12 SiO,, 

VIII. 

Si • R • R • Si =6 RsO, • 10 SiOs, 

IX. 

^i-R-R-Si = 6 RsO, -12 SiOs, 

X. 

sl-il -Si-R -^i = 6 RsO, • 18 SiOs, 

XI. 

^i-R-Si-R-^i = 6 RsO, • 18 SiOs, 

XII. 

Si-R-S'i-R-Si = 6 RsO, • 16 SiO,, 

XIII. 

• ^i • ]R • Si • 6. =9 RsO, • 12 SiO,, 

XIV. 

R-^i-ll-Si-R = 8 RsO, • 12 SiO„ 

XV. 

Si • R • Si • Si • ET • Si = 5 RsO, • 22 SiO,. 


E. Types of the Tourmaline Group 

I. 

E. • Si • E, • Si • R = 9 RsO, • 12 SiOs, 

II. 

R • Si • R • Si • E = 8 RsO, • 12 SiO,, 

ni. 

R • Si • R =5 RsO, • 6 SiOs. 
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F. Types of the Felspar Group 
I. • R • Si • Si • R - a = 6 R.O, • 24 SiO^, 

II. Si • R • S^i • S'i • R ■ a = 6 R,0, • 22 SiO^, 

m. Si • R • Si • si • R • si = 6 R.O, - 20 SiO„ 

IV. ^•R-Si-Si-R-^= 5R20a-24Si0., 

V. Si-R-S‘i-Si-R-Si = 5RaOa-22SiOa. 

A large number of aluminosilicates may be arranged according to 
the authors’ system (see Appendix). Whether this classification is 
suitable for all aluminosilicates can only be ascertained by means 
of more analyses and by calculating more formulae. 


IV 


The structural formulae devised by the authors show that the 
aluminium and silicon atoms in an aluminosilicate do not always 
behave the same in chemical and physico-chemical investigations. 
Under certain circumstances some of these atoms behave differently 
from the remainder, and the same is true of the monovalent and 
divalent elements in these compounds. 

It not infrequently happens that the hydroxyl groups which form 
the '‘water of constitution” in the aluminosilicates are replaced by the 
halogens : fluorine, and chlorine. The structural formulae show that, 
in the latter case, halogen atoms maybe united in various ways in a 
single aluminosilicate and that these atoms must produce different 
chemical or physico-chemical properties according to their position 
in the whole molecule. A few examples will make this clearer. 

In type I 

I. 



1. J of the aluminium, 

2. J of the silicon, 

3. j of the base or hydroxyl groups or the substitutes Cl, FI, etc. 
must clearly behave differently from the other f . 

In type II 

n. 



the aluminium and silicon must behave in a manner analogous to 
those in type I, but i of the base (or the hydroxyl groups and their 
substitutes) behaves differently from the remainder. 
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In type III 


HI. 


J- 4^/ 

yY 

Si A| 


LY 

% 

only i of the silicon wUl behave differently from the rejnaintier. 
In type IV 

_AA/\_ 

lAllSi(Al i_ 


1. J of the aluminium, 

2. J of the silicon, . 

3. i of the base (or the hydroxyl groups ta their iuhitilute*) 
behave differently from the rest. 

In types V and VI 

V. VI. 


AAAAA_ 

(SilAllSilAllSi!_ 

"YYYYY 


;._A AA t, 

— QKi I Al i Si ! A1 1 Ki >— 

I yyy ‘ 


1. J of the aluminium, 

2. f of the base (Typo V), or | of it (Typo VI) must, bthavt 
differently from the rest. 

Some of these interesting r^ult« ar© fully eonflrmwl by oxperimenti 
and researches already publkbed. 

In compounds of type 1, such M kaolin, 

6 H,0 • 6 A1,0, • 12 SiO. * 6 H,0 - A«(i • • Al • lb) • 6 H»0. 

nepheline hydrate, 

6 NaiO • 6 Al,Oi * 12 8iO» • aq. ■■ * jjQ • Al • 

and a number of “ sodalites,” i.©. dorivalivea of nopholine bytlfst© 
(see p. 69), which, according to Thogutt, M© «o wiiatilulod that p»t 
of their “ water of orystall^tion ” to replaced by » given i»!t (Na^l, 
NajS 04 , etc.). The author just mention^ priv lwdy the wune 

conclusions as the authors of the hexite-pentit© tboory, vi*. that one- 
third of the aluminium behaves dlflecently fimm tb« rowaindor. 
Thugutt therefore suggests the following conatituttonal foniiula© : 

2 H,Al,Si,0,. • H*A1,0. • 3 H,0 (laolia), 

4 (2 Na»Al,3itOt* • Na»iu,0,) • 15 H|0 (nef^ltow). 


I’ 
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P. Silber (p. 25) has shown that the behaviour of the compound : 

6 NaaO • 6 AlaOa • 12 SiOa (nepheline) = Nai 2 (Si • Al • -AI • Si) 

pf the same type towards gaseous hydrochloric acid and silver solutions 
indicates that J of the sodium behaves differently from the remainder, 
^nd thus confirms the hexite-pentite theory. 

The authors believe that confirmation of the constitution of com- 
pounds of type II is to be found in a new set of formulae for the 
^pidotes (see A'p'pendix). The minerals in this group are chiefiy com- 
pounds of type II with the general formula : 

2 HaO • 8 CaO • 6 RjOa • 12 SiOa = H^CaeCSi • R • R • Si) 

R = Al, Fe. 

The constancy of the ratio of lime to water of constitution ’’ in 
these minerals makes it highly probable that i of the hydroxyl groups 
in. the acids corresponding to these minerals behaves differently from 
the remainder. 

By replacing part of the aluminium by Fe'" in the formula 
2 HaO • 8 CaO • 6 Al^Oa • 12 SiOa, 

the various epidotes are produced and no epidote has yet been found 
■with a higher content than is shown in the formula (see Appendix) : 

2 HaO • 8 CaO • 2 Fe^Oa • 4 AlaO^ • 12 SiOa. 


It appears probable that, under the conditions under which 
opidotisation can occur in Nature, only those aluminium atoms which 
a.re indicated by a dot in the formula below can be replaced by Fe= 


^1 Si I Al I A1 i Si Q 


Por the prognosis of type III, Thugutt’s work on a compound of 
■fcliis type — ^potash felspar : 


/ /Sin 

3 K*0 • 3 A1,0, • 18 SiO, = I I 


is important. According to Thugutt, this substance, on treatment 
•with 2 per cent, caustic potash solution, loses silica and forms other 
compoimds which are incapable of exact analysis, but, so far as he has 
a;scertained it, their composition agrees with the theory formulated 
*t>y the authors, viz. that the constitutional formula of potash felspar 
(which, according to Thugutt, is 2 K2Al2Si80io •K 2 A 1204 * 12 Si02) 
eixggests that J of the silicon behaves differently from the remainder. 

A partial confirmation of the prognosis of type IV appears to be 
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supplied by the composition of the mincralrt known by the (.'i ntral 
name of “topaz.” Calculations of the formula* of thew* 
from a number of analyses (ace Appendix) Hlwwid that thi y bi lmig, 
in part, to type IV and may bo represented by : 

1. Si.AlnFl.f)„, 

2. Ki,Al„Fld).».., 

3. bi<AlitH]sOii, 

4. SinAlitl* 

5. bi»Aijsk 1| jOft* 

These formulse are based on the assuniption that cun* atom of 
oxygen may be replaced by two of tluorim*. 

It appears probable that the hydrogetii present in these e«»m{K»unilM 
has been overlooked. 

If this assumption is admitted — and the presem e r»{ hy»lroB«-n has 
been independently proved by (a) Jnnniwh and las ke*** and (6) 
Penfield and Minor — the topazes arts <!t*fived fr«>tn the hydrate 

|Al|Si lAlj 
S'i#Al|,Oji{OH)»i 

The researches of Penfield and Minor show«ti tliat water in a si rongly 
combined state is present in the topazt*s. In an invt«sfigati»jn topaz 
from Stoneham, which contained o-ttK jsTeent. of water, the |a*wder 
lost only 0'12 per cent, at tho highest femperattire oblniiiahle Viy means 
of a ring-burner (seo Penfield and Minor, Xeitsehr. f. Krystallogr. n, 
Mineral. 1894, 23, 321). It is thus clear that the water ei»fitairii*«| in 


topaz may easily be overlooked. The invi-stigafors just (|tiot«d have 
found that the water is liberated quantitatively on ftisiiig a tojwst with 
sodium carbonate. The correctness of the view that topaz contains 
water in the form of OH-groups is also eonfirmeil by the following 
interesting characteristics of topaz : the sfwt-ific gravity, the donthki 
refraction, the apparent angle of the opt ical axes (2 #) and ! he crvstalhe 
graphic axis-ratio, all of which, aceording to Peiifiekl aiwl MimW, vary 
with the proportion of hydroxyl in the toiiaz mol»*cM|p. 


yviyu. fiycirrixyi 

may be replaced by fluorine, or vice verm, regarding the Stid 

PI H, m 

i*i A, h 

as the mother-B'Ubstattca and repliieiiig tli# i'ii0riiift in iliti 
hydroxyl groups, the formula of the foibwiiti 
topazes are obtained : 


THE STRUCTURE OF TOPAZ AND GRANITE 


56 


Si.AI,,O..Fl(OH),x, 

Si,Ala.O,4Pls(OH) lOj 

Si6AU,024M3(0H)fl, 

Si6Ali2024l'l4(0H)8, 


Si 6 All 2 O 2 4^^! 1 2 < 


In agreement with this assumption, it has been found by actual 
analysis that there is a definite maximum proportion of fluorine — ^no 
topaz being known which contains a larger percentage than the Stadler 
variety. There also appears to be a minimum, as no topaz is known 
which contains less than eight atoms of fluorine to six atoms of silica. 
This interesting result is most easily explained by stating that fluorine 
atoms which are united to silicon, but not to aluminium (see the 
structural formula of the StMler topaz), are easily replaced by hydroxyl 
under natural conditions, or that J of the fluorine behaves differently 
from the remainder. 

The probability of the authors^ structural formula for topaz is 
also confirmed by the chemical investigations of Rammelsberg, who 
observed that on heating topazes to redness, part of the fluorine 
escapes as silicon fluoride and part as aluminium fluoride. 

Further investigations must show that the ratio of the fluorine lost 
in the form of silicon fluoride to that lost as aluminium fluoride is 1 : 2. 

The prognoses of types V and VI are partially confirmed by a 
re-calculation of the analyses (see Appendix) of a number of 

granites^^o ]yj Schnerr. 

This re-calculation gives the following formulae : 


1 

1 


o 

o 


2 ° 2 ° 2 °* 

II I 11 I II 

= /\./ \./ \./\-/\ 1 

^1 Si I R I Si I R I Si |_J 

'^li^ '^il^ 

2 ° 2 ° 2 ° 

18 RO • 6 R^Os • 18 SiOj 


O 

O 


A. 






==<Si 




R I Si I R 

2 ° 2 ° 
i° 2° 

16 RO • 6 R,0, • 16 SiOa 

B. 


= 1 ° 


These agree with the theory that J of the aluminiurQ behaves 
differently from the remainder. The aluminium atoms indicated by 
dots may be replaced by Fe= ; compounds of type A may contain a 
maximum of 4 FegOa. 

Although Schnerr refers to granites in which the whole of the 


It is convenient to represent the atomic groups 
— OR^\ — 0,\ 

— 

by 2®, 1° and respectively (see also p. 166) 
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aluminium has been replaced by iron, experience shows that the atoms 
indicated by dots are the ones most easily replaceable by iron. 

It happens that those aluminium atoms in the granites which are 
the most easily replaceable by iron are the very ones which, in the 
epidotes, are incapable of substitution, and a closer study of the 
structural formulae of these two groups of substances leads to the 
conclusion that the epidotes are acid salts whilst the granites are basic 
ones. The presence of a base weakens the attraction between the 
silicon and aluminium ring radicles, and thereby facilitates the 
substitution of the aluminium by iron at the points indicated. 

The consequences of the authors’ hypotheses mentioned in this 
section agree with the experimental results of other investigators. 

V 

From the hexite-pentite hypothesis it follows that there must be a 
minimum molecular weight for the aluminosilicates. Thus, the 
formulae of the compounds 

NaaO • AI2O3 * 2 Si02, 

Na^O • AI 2 O 3 • 3 Si02, 

must be at least sextupled, and those of 

IsTaaO • AlaOa * 6 SiOa, 

ISTaaO • AI 2 O 3 * 5 SiOa, and 
NasO * AI 2 O 3 • 4 SiOa, 

must be at least tripled, in order that they maybe represented in 
accordance with the new theory. How does this agree with the facts ? 

In many cases the theoretically minimum molecular weight may be 
ascertained from an analysis of the substance or from certain definite 
considerations. In this connection, one of a series of silicates : 

/ A 

(a) 0.5 Na.O • 2.6 CaO • 3 Al.O, • 18 SiOj • 20 H,0 = ll.f Al^i ) • 20 H.0 

V w 

examined by Lemberg (see Appendix, Table II) is interesting. 

By treating the silicate (o) with salt solutions, Lemberg obtained 
the following compounds : 

I. 3 K,0 • 3 A1,0, • 18 SiO, • H.O 


II. 3K,0-3A1.0.-18Si0,-13Hs0 



III. 3 Na,0 • 3 A1,0, • 18 SiO, • 8 H.O 
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CONSTITUTION OF THE MESOLITES 


/ /Siv 

3 Na»0 • 3 AljO, • 18 SiO, • 16 H.O = Naef Al^^i | ■ 16 H*0. 


By treating silicate (a) with alkali he obtained 

( / /§i\ ] 

V. (3 Na.O • 3 AljOa • 15 SiO, • 7.5 H,0)s = | Na,|^il^aj > , • 15 H,0, 
and from the latter and potassium chloride the substance 


VI. 


(3 K.O • 3 AlaOa • 15 SiOa • 1.5 13.^0)^ = 



3HaO. 


In the case of the compounds I, II, III, IV, and the silicate (o) 
from which they are derived, the minimum molecular weight may be 
found from the analyses : the formation of compound V from silicate 
(a) and of VI from V are quite inexplicable if a smaller molecular 
weight than is required by the hexite-pentite theory is assumed for 
compounds V and VI. 

A second instance of interest in this connection is the mode of 
formation of the potassium salt 

3 KaO • 3 AlaO, • 12 SiO, • HaO = K.(^i • Al • Si) • HaO, 


from the sodium salt 

Na^O • Al.Oa • 4 SiOa • 2 


as observed by Lemberg (see Appendicc, Table II). This can only be 
understood if the molecular weight of the original material — ^the sodium 
salt — ^is tripled ; the theoretically minimum molecular weight is then 
indicated. 

The number of instances in which the theoretically minimum 
molecular weight may be ascertained from analysis is somewhat large, 
as may be seen from the authors’ re-calculation of the formulae of a 
large number of silicate analyses. From the numerous examples 
available, the new formulae of the mesoUtes (see Appendix) may be 
mentioned here. 


Formulae of the Mesolites 

(а) 2 NaaO • 4 CaO • 6 Al.Oa • 18 Si02 • 15 H^O 

= Na4Ca4(§i • il • • il • ^i) • 15 H^O, 

(б) (1.6 Na^O • 5.5 CaO • 6 Al^O* • 18 SiO* • 22 HjO)^ 

= {Na3Ca5.5(^i • il • • il • ^i)}^ • 44 H.O, 

(c) (Na^O • 3.5 CaO • 6 Al^O, * 17 SiO, • 16 H^O)^ 

= {Na3Ca,.s(§i • Al • Si • • ^i)}* • 30 H.O, 

(d) (2 Na.O • 3.6 CaO • 6 Al^O, • 17 SiO, • 16 H^O). 

= {Na4Ca3.4(^i ■ ii • Si • il • ^i)}, • 30 H.O, 
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(e) 2 Na*0 • 4 CaO • 6 Al^O* • 16 S ^2 • 12 H^O^ 

= Na4Ca4(Si • Al • Si • ii ■ ST) • 12 H^O, 
(/) 2 NajO • 3 CaO • 6 Al^Os • 16 SiOj -^15 H^O^ 

= ]5ra4Ca3(Si • ^ • A1 • Si) • 15 H^O, 

(g) 2.5 Na^O • 3 CaO • e Al'^Oj • 16 SiO^ • 20 H^O 

= NajCasCSi • A1 • • AI • Si) • 20 H^O, 

(h) 1.5 NaaO • 3 CaO • 6 Al^O, • 15 SiO^ • l^HjO 

’ = NasCasCSi • A1 - Si ■ A1 • Si) • 18 H^O, 

(0 2.5 Na^O • 3 CaO • 6 Al^O, • 15 SiO^ • 13 H^O 

= NasCa^CSi • AJ • Si • Al • K) • 13 H^O. 


In all the above mesolitic silicates, with the exception of (e), 
analysis indicates the theoretically minimum molecular weight, and 
there is no need to doubt that the real minimum agrees with the 
theoretical one, as otherwise the genetic relationship which is known 
to exist between these and other members of this group would be 
inexphcable. 

It is, moreover, particularly interesting to observe that Thugutt^^® 
has, by an entirely different method, reached conclusions regarding 
the minimum molecular weight of certain aluminosilicates which agree, 
almost without exception, with the authors’ theory. Thugutt’s 
conclusions are also of special value because they are based on the 
results of actual experiments. On the basis of his previously mentioned 
researches, Thugutt suggests the following constitutional formula : 

2 K^Al^SiaOio • K2AI3O4 • 12 SiOa 
which is equivalent to : 

/ /Sk 

3K,0 -SAl.Oa-lSSiOa == Ke Al^i , 

V 

the following for nepheline hydrate : 


4 (2 NasAl^SisOxo • 'Na^Al.O,) • 15 H^O 

corresponding to : 

12 Na^O • 12 AI 2 O, • 24 SiO* • 15 H^O = • ll • A1 • ^i)} > • 16 H^O, 

and the following for potash mica : 

(a) Ii4HeAl42Six8f^60 

= 3 KjO • 3 H»0 • 6 AlxO, • 18 SiOj = KeH,(Si • A1 • Si • AJ • ^i), 


(6) K4H8Ali2Sii806o 

= 2 K 2 O • 4 H 2 O • 6 AlxO, • 18 SiO* = K4H8(§i • Al • • ll • §i). 


In some silicates the theoretically minimum molecular weight is 
double that found by Thugutt. Thus, he attributes to potash nephe- 
line the formula : 

2K2Al2Si80io • K2AI2O4, 
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whieli, if doubled, gives ; 

6 KjO • 6 AljOs • 12 SiOs = • iU • il • Sl). 

The same is true of Thugutt’s constitutional formula for potash 
mica : 

HjKjAliSi.Oao • HjAljOd, 
which, if doubled, gives : 

2 K,0 • 4 H,0 • 6 Al.Os * 12 SiO^ = K,fi[8(Si • A1 • ll • ^i). 

Eq[ually interesting in this connection are the so-called sodalites."^ 
According to Lemberg’s^^^ and Thugutt’s^^^ researches, these are not 
atomic, but true molecular compounds. This view is opposed to that 
of other investigators. It is highly probable, from the results of 
Lemberg's and Thugutt’s experiments, that the sodalites are deriva- 
tives of the sodium nepheline hydrates, and that they are so constituted 
that a portion of their ‘"water of crystalhsation ” appears to be 
replaceable by various salts. If this is really the case, on decomposition 
they must be capable of forming products which are identical with 
those from sodium nepheline hydrate. 

Thugutt’s researches have shown that, in reality, one-third of the 
sodium and one-third of the alumina can be removed from the sodalite 
in the form of aluminate of potash. Natrolite may be formed by the 
action of potassium carbonate solution, chloride of sodium (or whatever 
salt may be added) being set free. Thus, the blue chlorosodahte from 
the elaolite-syenite from Ditro decomposes in accordance with the 
equation : 

3 Na2AhSi208 • 2 NaQ + 2 K^COs + 6 H^O 
= 2 Na^COa + 2 NaCl 2 (K^Al^SisOio • 3 H^O) + 

(Of, the analogous behaviour of nepheline hydrate, p. 61.) As a result 
of this reaction, Thugutt considers that the formula of chlorosodahte 
should be : 

2 Na^Al^SiaOio * • 2 NaCl, 

but as it is a derivative of sodium nepheline hydrate, whose constitu- 
tional formula is 

8 ISTa^AhSisOio • 4 Na2Al204 - 15 H^O, 

— ^this being confirmed by its reaction with potassium carbonate — 
Thugutt’s molecular weight of chlorosodahte should be at least quad- 
rupled ; its constitutional formula then becomes : 

8 NazAlaSisOio • 4 Na 2 Al 204 • 8 NaCl. 

If 4 replaces the 8 NaCl, the constitutional formula of the 

sulphatosodalite or norsean is obtained ; if the 8 NaCl is replaced by 
4 Na 2 S 2 that of ultramarine results, and so on. Thugutt has artificially 
prepared a large number of analogous substances and has allotted 
molecular weights to them, as shown in the following Table. 

* Another means of representing the constitutional formula of the sodalites 
atomically is possible and is discussed in connection with the ultramarines (p. 162 
et seq.y. 
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Thugutt’s Sodalite Series 

12 Na^O • 2 (6 AI2O3 • 12 SiOj) • 8 NaQ ■ 4 HjO, 

12 NajO • 2 (6 AljOg • 12 SiO^) • 6 NaBr, 

12 NajO • 2 (6 Al^Oa • 12 SiO^) • 6 Nal • 6 H^O, 

12 NasiO • 2 (6 Al^Oa • 12 SiO^) • 8 NaClOs • 2 HjO, 

12 Na^O • 2 (6 AI2O3 • 12 SiO^) • 3 Na^O. B2O3 • 8 H3O, 

12 Na^O • 2 (6 AI2O3 • 12 SiOj) • 2 Na^O • IjOj. 10 H^O. 

12 NajO - 2 (6 ^^^03 • 12 SiOa) • 8 NaClO* • 4 H^O, 

12 NajO • 2 (6 AI2O3 • 12 SiOg) • 4 Na^COs • 12 HjO, 

12 NajO • 2 (6 AlaOg • 12 SiOj) • 3 Na.COs • 18 HjO, 

12 NajO • 2 (6 AI2O3 • 12 SiOj) • 4 Na^SiOs • 16 H^O, 

12 NaaO • 2 (6 AI2O3 • 12 SiOs) • 3 NajSiOs ' 15 H2O, 

12 NajO • 2 (6 AI2O3 • 12 SiOj) • 4 NajSO^ • 12 H2O, 

12 NajO • 2 (6 AI2O3 • 12 SiOj) • 3 Na2S04 • 12 H2O, 

12 Na20 • 2 (6 AI2O3 • 12 Si02) • 3 Na^CrOi • 15 HjO, 

12 ]Sra20 • 2 (6 AI2O3 • 12 SiOg) • 3 Na,Se04 • 12 H2O, 

12 NagO • 2 (6 AljOj ■ 12 SiOg) • 3 Na2Mo04 • 21 HgO, 

12 NajO • 2 (6 AI2O3 • 12 SiOg) • Na2W04 ■ 13 HjO, 

12 Na20 • 2 (6 AI2O3 • 12 SiOg) • 2 Na4P206 • 12 HjO, 

12 Na^O • 2 (6 AI2O3 - 12 SiOg) • 8 NaNOj • 6 H2O, 

12 Na^O • 2 (6 Alj03 • 12 SiO^) • 3 Na^O • PjOg • 18 H^O, 

12 Na^O • 2 (6 AI2O3 • 12 SiOj) • 4 Na3HP04 • 14 HgO, 

12 Na^O • 2 (6 Al^Oa • 12 SiOa) • 2 Na4P207 • 14 HjO, 

12 Na^O • 2 (6 AI3O3 • 12 SiOj) • 3 Na^O • As^Og • 14 H3O, 

12 Na^O • 2 (6 Al^Oa • 12 SiO^) • 3 Na^SaOs • 9 H3O, 

12 NajO • 2 (6 AI3O3 • 12 SiO,) ■ 8 NaOH • 4 H3O, 

12 Na^O • 2 (6 Al^Oa • 12 SiOj) • 6 Nal • 9 H^O, 

12 NaaO • 2 (6 AI3O3 • 12 SiOj) • 8 HCOONa, 

12 NagO • 2 (6 AI3O3 • 12 SiOg) • 6 CH3 • COONa • 3 H3O, 

12 Na^O • 2 (6 AI3O3 • 12 SiO^) ■ 3 Na^CjOa • 18 HjO. 

The minimum molecular weight of any member of this series may 
he ascertained from an analysis of the substance, as in the two follow- 
ing sodalites : — 

12 NajO • 2 (6 AI3O3 • 12 SiO*) ■ 3 Na^O • BjO, • 8 H3O and 
12 Na^O • 2 (6 AI3O3 • 12 SiO^) • Na2W04 • 13 H^O. 

The hexite-pentite theory formulated by the authors of the present 
volume gives the same molecular weight. Moreover, if the salt- 
content (in molecules) of a sodalite is represented by 

mS 

and the water-content (in molecules) by 

nH, 

the constitution of these substances may be ascertained from the 
following formula : — 

{SfajjfiSi • Al • id • Si)} 3 • m2 . nH. 

For some micas, Thugutt^®* suggests constitutional formulae with 
a different molecular weight from that implied by the hexite-pentite 
theory. Thus, he attributes to two potash micas the formulae : 

KJB[,Al43Sii80.o • HeAl.Oi* = 4.6 K3O ■ 4.5IH3O • 9 Al^O, • 18 SiO., 

K.H.Al„SiisO.. • H.Al,Oi, = 3 K3O • 6 H3O • 9 AI3O, • 18 SiO., 
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CONSTITUTION OF THE SODALITES 

whilst the authors of the hesite-pentite theory prefer ? 

3 K»0 • 3H,0 ■ 6 Al.Oa • 12 SiO^ = K.H,(Si • il • il ■ Si), and 
2 ICjO • 4 H,0 • 6 Al,Os • 12 SiO* = K.A,(Si • ij - il • §i). 

Tliis contiadiction is more apparent tlian real, and the fact that 
t of the aluminium ia these compounds behaYes differently from the 
remainder is eq^ually well shown in the authors’ formulae. Indeed, 
there appears to he no important reason why Thugutt should not 
substitute the formulae : 

KcHjAlftSiiaOfto • H4AI4O8, and 
K4H4Al8SiiaO40-H4Al4Oa, 

for those he has selected, and so obtain formulae which give the same 
molecular weight as those suggested hy the authors. 

Another apparent contradiction to the authors’ theory is the 
nepheline formula calculated hy Thugutt from a series of analyses in 
Hintze’s “ Handhuch,” In this calcnlation, notwithstanding that he 
has represented nepheline hydrate and potash nepheline hy formulae 
in which the alumina-silica ratio is 1 : 2, and the great probability that 
in nepheline itself this ratio is also 1 : 2, Thugutt selects the formula : 

KaITa8AloSiix042 = K,0 • 4 Na,0 • 5 Al^Oa * 11 SiOz ; 

and in accordance with the reaction of this substance with alkaline 
carbonates he giyes 

8 Na^AlaSisOio * 4:Na2Al204 • 3 KaAl^SiaOio, 
as the constitutional formula. 

This formula is quite inexplicable by the hexite-pentite theory. 

As a matter of fact, the nepheline analyses by Hintze^®® do not 
yield a formula in which the alumina-silica ratio is 1 : 2. Seyeral 
analyses approach yery closely to the formula : 

K,0 • 4Na^0 • 5 Al.O, • 12 SiO^ = • Ai • Al - ^i). 


Molecular 

Weigiits 

Calcxilated 

Composition 

xxm 

XXV 

XXIV 

K,0 = 94: 

5.98% 

6.66% 

4.76% 

5.05% 

4 NasO = 248 

15.77% 

15.71% 

15.97% 

16.86% 

5AljO,= 610 

32.45% 

32.66% 

32.06% 

33.28% 

12SiO, = 720 

45.80% 

45.23% 

45.53% 

46.10% 

1672 

100.00% 





It is conceiyable that the decomposition products of nepheline 
must be the same as those of nepheline hydrate, as its constitution is 
analogous, eyen though it contains a difierent alumina-sihca ratio. 

Thus, the consequences of the hexite-peiitite theory do not, as 
regards minimum molecular weight, contradict the facts. 
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CONSEQUENCES OF THE H.P. THEORY 
VI 


The conclusion has already (see pp. 22 to 26) been reached that, 
of all the theories devised for showing the constitution of the alumino- 
silicates, the one which agrees best with the facts is that which assumes 
that these compounds are complex acids and their corresponding salts. 

It has also been shown that, by the use of the hexite hypothesis 
respecting the arrangement of the atoms, most of the objections to the 
‘‘ complex acid theory disappear. Thugutt’s discovery that part of 
the aluminium behaves differently from the remainder and that of 
P. Silber that in nepheline J of the sodium behaves differently from the 
other I are not only explicable, but are direct consequences of the 
theory. A complete classification of a large number of alumino- 
silicates is also rendered possible ; the felspars, micas, scapolites, etc. 
need no longer be regarded as belonging to different groups of minerals, 
but may be considered all to belong to a single class of compounds. 
They can only be conceived as salts of a definite series of alumino- 
sihcic acids, and the “ mixture theory ’’ may be abandoned. 

Only the behaviour of andesite now remains unexplained, and even 
this will become clear if the following constitutional formula — ^based 
on the hexite-pentite theory — ^is used : 


Na Na Na 
I I I 



3 Na^O • 3 CaO • 6 Al^Oa • 24 SiO,, 


A glance at this structural formula of andesite shows that it will 
react with NaCl as shown by the following equation : 


Na, Na Na 
I 


Si A1 Si 


!!)a Ca Ca -j- 6 NaCl 



lira Na isTa 


Na Na Na 
^ I J 
/\/\/\ 
’Sil AlfSi] 

/YY 

Na Na Na 
Na Na Na 

AAY 

I Si Ul Si 


4- 3 CaCU 



I I I 
Na Na Na 


THE POSSIBILITY OF ISOMERISM 


The complex is decomposed and the re-formation of andesite by- 
means of CaClg (double decomposition) is impossible. 

The conception of the aluminosilicates as complex acids thus agrees 
excellently with experimental results. 


VII 

From the structural formulae already given it follows that two 
kinds of isomerism^^® are possible : 

1. An isomerism resulting from a different, yet still symmetrical, 
arrangement of the basal atoms, or Basis-isomerism,” and 

2. An isomerism due to the ring radicles, or “ Ring-isomerism.” 

A few examples will make this clearer : 


I. Basis isomerism 

From the compound 



two isomers are possible : 



Prom the compound 

H4Nae(Si • ^ • §i), 

two basis-isomers are also possible : 

Na Na Na H Na H 

II III 

, , H Na-/ Y\/\— Na 

Si I A1 1 Si I Na— Na 


Na Na Na 

I. 




* For Literatiire with reference to Isomerism in inorganic compounds see No. 136 
in Bibliography. 



- A 
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II. Eiag isoiBsritm 

Prom compounds with an alumina-silica ratio of 1:2, two ring- 
ieomers are possible : 

/X/X/X/^ /'--/X/X/X 

i Si I AI I A1 1 Si ! A! Si I Hi | AI , 

x/xAA/ 

I. n. 

Prom the derivatives of this type, analogous ring-isomers produce 
a secondary type : 

(SU AU Si i 'f' A! ! Si Si Al ^ 

X/“"'*'^ X/ - ,/ ,/ 

I. II. 


. .-/\/X . 

( Ki i Al? Al i Si > 

^ x/x/ 

HI. 


:AllSi!SiiAli ete. 


Crystallographic and chemical investigations have already indicated 
the actual existence of isomeric aluminosilicatcH. Thus, fwitiish felspiir 


/ ,Si \ 


is already known in two forms, vi*. m rirtliocluN’ (monoi linic) and 
microeline (triclinic). 

Boda felspar, / }?i 


is also known to occur in the two forms of sodium orlhoclaseCmono- 
clinic) and albite (triclinic). 

The following rasulta of work by Tlnigutt confirm the exudenen of 


VARIOUS KINDS OF COMBINED AVATER 
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The artificial variety, on treatment with calcium chloride solution, 
yields a calcium chloride-sodalite according to the following equation ; 

3 (6 Na.O • 6 Al.Oa • 12 SiO^ • 4 NaQ) + 22 CaCh 

= 3 (6 CaO • 6 AUOa * 12 SiOa) • 4 CaCU + 48 NaCl. 

With natural sodalites, on the contrary, the equation is : 

2 (6 Na,0 • 6 Al.Oa • 12 SiO^ • 4 NaCl) + 12 CaCl^ 

2 (6 CaO • 6 AlaOa • 12 SiO*) + 32 NaCl. 

It is, at present, impossible to say which formula belongs to either 
of the two isomers. 

Further researches will show how far these prognoses of the theory 
are confirmed in this respect by the facts. 


VIII 


Water may be present either as “ water of crystallisation ’’ or 
“water of constitution,” the latter being acid- or base-water. The 
“ acid- water ” may be of various kinds : part of the hydroxyl groups 
may be united to the aluminium hexite or pentite, the remainder to the 
silicon hexite or pentite. 

This may be seen from the following formula, in which the different 
kinds of water are indicated by y, and 5, respectively : 


(/?) 

(OH) 

II 


(7) HO 

if^) HO/ 

(/?) HO\| 
(7) HO - 


(a) 

OH 



la • OH (y) 
l\OH (/3) 

j/OH {/3) 
‘la-OH(y) 


6 H,0 (5). 


(OH). 

(^) 


Since'^Damour first drew attention to the change in the behaviour 
of the water in hydrous aluminosilicates or zeolites at higher tempera- 
tures, this subject has been studied by various investigators (see p. 4, 
last line) and particularly by Clarke. 

Of the zeolites examined by Clarke^®®, those relevant to the present 
purpose are laumontite, thomsonite, hydronephehte, heulandite, 
epistilbite, stilbite, faujasite, scolecite, foresite, and natrolite. 

The Structural Formula of the above-mentioned Zeolites, based on 
their behaviour at high temperatures (after Clarke) 

I, Laumonite 


Al 4 (Si 04)5 • SisOe • Ca^Hs • 4 H.O = 4 H.O ^ 2 CaO • 2 Al.O. • 8 SiO. • 4 H.O. 


II. Thomsonite 
Al4(Si04)6Ca3(AlH.0.)^H4 • 3 H.O 
= 4 H.O • 3CaO • 3 Al.Oa • 6 SiO. • 3 H.O. 
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These structural formulae were suggested by Clarke from a study of 
the dehydration experiments of Damour, Hersch, and others, ■which 
showed that ^ of water must be regarded as “ water of con- 
stitution.” 

HI. Hydronephelite 

AlaCSiOda • Na,H • 3 H^O 
= 1(2 Na,0 • H,0 • 3 Al.O, • 6 SiO^ • 6 H»0). 

IV. Heulandite 

Al4(Si04)3(Si,08)3Ca2H8 • 6 H^O 
= 4 HjO • 2 CaO • 2 AbO, • 12 SiOj • 6 H 3 O. 

V. Epistilbite 

Al4(Si04)3(Si308)8Ca8H8 • 6 H^O 
= 4 H 3 O • 2 CaO • 2 AljO, ■ 12 SiOj • 6 H 3 O. 

Epistilbite is stated by Clarke to have the same composition 
heulandite, but the water in it appears to be more strongly bound. 

VI. Stilbite 

Of the same composition as epistilbite and heulandite ; behaves like 
heulandite on fusion, but sometimes forms anorthite. 

VII. Faujasite 

Al4(Si04)4(Si,08)3Na8CaH8 • 16 H 3 O 
= 4 H 3 O • Na^O ■ CaO • 2 Al^O, • 10 SiO, • 15 H*0. 

VIII. Scolecite 

Al 4 (Si 04 ) 6 Ca 3 H 8 • 2 H^O = 4 H^O • 2 CaO • 2 AI 3 O 3 • 6 SiO* • 2 H,0. 


IX. Foresite 

Al 4 (Si 04 ) 6 CaH. • H.O = 4 H^O • CaO • 2 AI 3 O. • 6 SiO, H.O. 

X. Natrolite 

Al8(Si04),Na8H4 = 2 H 3 O • Na30 • A1.0, • 3 SiO,. 


The Structural Fonuulse of Laumontite, Thomsoiiite, etc., according to the 

HexLte-Pentite Theory 

The structural formulae suggested by Clarke, when rearranged in 
accordance with the hexite-pentite theory, yield constitutional 
formulae in which the results bf Clarke’s researches may also be seen, 
as follows : 

, I. Laumontite 

Clarke’s formula multiplied by f gives L * 
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6 H,0 • 3 CaO • 3 Al.Oa • 12 SiO, • 6 H^O = HijCaaCSi • A1 • Si) • 6 H^O 

caOH ca caOH 

II I II 


^(HO) 

*(HO) 



=(OH), 
(OH)a 


6H,0 


ca = I Ca 


caOH ca caOH 
II. Thomsonite 
Clarke’s formula multiplied ky 2 gives ; 

8 H^O • 6 CaO • 6 Al^O, • 12 SiO, • 6 H,0 = ili.Ca,(S"i • A1 • A1 • Si) • 6 H,0 

HO Ca-OH OH Ca-OH 
V l~Ca— I V 


.(HO)= 

«(HO)= 


Si A1 A1 Si 


',=(OH). 
=(OH), 


6H,0 


A i-Ca-i A 
HO Ca-OH OH Ca-OH 

III. Hydronephelite 
Clarke’s form-ula multiplied by 4 gives : 

4= Na,0 - 2 H,0 - 6 Al^O, • 12 SiO, • 12 H,0 = H^Nae(ST - AI - Al - Si) - 12H.0 

Na H H Na 

I I k k 

Na— /\/\/\/\— Na 


® ^A. A A ^ A 


Na- 


Si 


Al Al Si 


-Na 


12 H,0 


Na H H Na 


Ring- and Base-isomers of this composition are clearly possible. 

IV. Heulandite 
Clarke’s formula multiplied by f gives : 

/ 

6 H,0 • 3 CaO • 3 A1,0, • 18 SiO* - 9 H,0 = B[i*6a, Al^i • 9 H,0 


ca (OH), 



9H,0 


oa -r- i Ca 
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V. Epistilbite 

Epistilbite, according to Clarke, has the same composition as 
heulandite, but the water is more strongly bound. 

Possibly epistilbite has the following structural formula : 


OH 


OH 

caO /\ 

HO~ 

HO_ 
caO \/ 

OH 


Oca 

Oca 
OH 


Al 


./OH 
. I Oca 

<OH 

Oca 


9H»0 


OH ca = i Ca 

as in this the water would be bound more strongly than in heulandite. 

VI. Stilbite 

Clarke’s formula multiplied by f may be expressed thus : 


6 


H.O • 3 CaO • 3 A1,0, • 18 SiO, • 9 H,0 = Hx.Ca,fAl(^&) • 9 H.O 


Stilbite is either analogous to heulandite or epistilbite or it is 
an isomeric product of heulandite with the following formula : 


(OH), ca 

•V / 


(OH) 


Sij A1 

II 

(OH). 


^ (OH). . Q P[ Q 
_^(OH). 


ca~ 

ca- 


(OH)%a ca = JCa 

VII. Faujasite 

Clarke’s formula multiplied first by 4 and then by 2 gives : 
(6 H.O • 1.5 CaO • 1.6 Na.O • 3 A1.0, • 16 SiO. • 22.6 H.O), 

{ H.JSra.Ca...| Al^i I }-. • 45 H.0 


i[iJSra,Ca...(^Al^] 
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• 45 H.O 


ca = § Ca 


Clarke’s formula multiplied by 3 gives : 

12 H.O • 6 CaO • 6 A1,0, • 18 SiOj • 6 H,0 
= H,4Ca,(Si • A1 • Si • Al • Si) • 6 H.O 

OH 

(OH). OH Ca OH OH (OH), 

II I \/ I II 




Si I A1 Si I .6 H.O 

A /^C-OH 

HO-C- Y Y X Y VA-oh 

(OH). OH Ca OH OH (OH), 

OH 

Scolecite is of special interest, inasmuch as it must contain all the 
four different kinds of theoretically possible "water. 

IX. Foresite 
If Clarke’s formula is tripled it gives ; 

12 H.O • 3 CaO • 6 Al.O, • 18 SiO, • 3 H.O 
= H:.4Ca,(S'i • A1 Ai • A1 • ^i) • 3 H.O 

OH 

Ca • OH OHOHCa OH OH OH Ca • OH 

I AA J \/ 

(OH), = 

(OH), = 


(OH). OH (OH) 



Al= (OH). 
■ (OH), 


■3H.0 
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Foresite contains all the four kinds of water theoretically 
possible. 

X. Natrolite 


Clarke’s formula, if multiplied by 6, leads to one which is impossible 
according to the hexite-pentite theory, as compounds with an alumina- 
silica ratio of 1 : 3 cannot have more than 12 RaO- This does not 
necessarily prove an objection to the theory, as Clarke, in publishing 
his formula for natrolite, definitely pointed out that the character of 
the water in this compound is doubtful. 

Further investigations will show that this compound only contains 
6 molecules of water of constitution.’’ 


The Hexite-Pentite Theory and other Zeolites 

Part of the prognosis of the theory put forward by the authors of 
this volume is completely confirmed by the facts ; it will, therefore, be 
of special interest to enquire whether other investigations of zeolites — 
such as fractional determination of water — ^will lead to the same 
conclusions as to the existence of water in four different forms of 
combination in such compounds as scolecite, foresite, etc. 

A number of investigators, following the researches of Friedel, 
E. Mallard and E. Rinne^^^, have concluded that the zeolites form a 
remarkable class of substances which differ from the hydrates. The 
work of A. Damours, who showed that water can be partially absorbed 
by dehydrated zeolites re-combined, supports this conclusion. There 
is a general impression that the loss of water from zeolites does 
not follow the laws of Dalton and Proust, though this view is in direct 
contradiction to the experiments of Clarke. This view has been 
specially supported by J. M. van Bemmelen'^^^, E. Doelter’®^, F. 
Rinne’^®, and Sommerfeldt^^^ but A. Johnson’ adopts the contrary 
view and maintains that the evolution of water is not, in principle, 
different from that of normal hydrates. 

J. M. van Bemmelen regarded the combination of water in zeolites 
as similar to that in silica jellies. Doelter regards it as adsorbed.” 
E. Rinne has found, in the case of heulandite and desmine, that 
definite changes in the water-content are accompanied by equally 
definite changes in the optical character of these substances. According 
to him, in heulandite and desmine an equilibrium is formed at all 
temperatures and the loss of water is dependent on external circum- 
stances such as atmospheric pressure and temperature. 

The belief that loss of water by zeohtes does not follow stoichio- 
metrical laws is, without doubt, based on an error. Clarke, for 
instance, has conclusively shown that, in the case of heulandite, the 
loss of water is quite in accordance with these laws and that in the case 
of desmine the same regularity is highly probable. The apparent 
irregularities are due to the use of too small molecular weights for these 



THE roNWrn-lTON OK TlfE ZKOI.ITES 71 

!}».’ r.-gularity »f thi^ Iohs may bo rivcrlookcd. 
That i'* Hh’ » With hotibiiKiito haH alroady btHni Hhown. That it 
osjiiiilly t«» «l» Hnsi}ii> i*( luit diilioult to provo, as follows : 

Ih siiniiio has ill*’ g^onorai ftirnuila 

■ Al.ft, -SiO, -Slf.O. 

At»«*r«hi)a !*i till" lliotirv. part of tlio water shown is “water 
of ronutitotion " iiml the n-niainder is “water of orystalliHation ” 
(|». 6 fl|. tJ'*' ttiral formtihg being : 


rt IE*) • iH'aO • « • tlHiO, • I (15 if.tt). 

ft w I le*r that a whole w^rien *>f water-separation phasoH may 
ort Hr. mieh m • 

1. Koiiverwion of two hettiica into pentiten. 

2. (Viiiver»iiiii of the retnniittng hisxite into pentite. 

SI, Hepamthm »4 four }H'ntiie«. 

i. H<‘paratiot$ of fotir hy«ir«ixy! groiips. 

There ajnc= «t leant leti phiiat's of water-W'parat ion which lead to 
forma diflering fr«»ni eie h other in erystallographte and optitTai cdiarae- 
tera. In #h«»rl, the r«*»i'iire|ieH of iiinnt;, rightly eonsidt'red, rtjally agrtje 
with the < onsecjiieneea of tlw’ 1 1. 1*, theory. 

The eomjwiitnht 

A. tl'iitt • Al,lh ■ Sift, • r. If.O), 

I*., tf al» ■ Al,f), • Silt, • I tf,f )b 
I SITU . Al,l), Slit, Il lf.O), 

It. tfTIt ■ Al.O, ■ Silt, • 2 If, ft}, 

E, It af t - Al,lt,-Hift,-H,(», 
r. Al,l>, -SiO,), 

are riiwtingtiii«iieil by their dilTermit optical and eryatallograpbio 
proppfliet, . tint l•o^n^s•Mt^d#^ A, B, and (1 being mononlinle, I) apiteara 
hi l«* rhombic. E stdl more clearly rhomble.and F (which ha» no water 
of eon»tif«tion| «* nmot|thoun. 
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in which the concentration of the water in the solid and vaporous 
form is represented by c' and c. He devised a second formula in whioh 
at least two temperatures are known and are proportionate to the 
maximal tensions of the water vapour and that of the water occluded 
in unit volume of the substance, namely Cg : Cg. The heat of combina- 
tion may, in this way, be calculated. 

From the formula thus obtained 

(2) U=+ 4-584 log. TxT, Calories, 

it is possible to ascertain whether the usual laws of thermodynamics 
are applicable to zeolites. If, for instance, the vapour tension of the 
occluded water c' and the heat of combination Z7 in the formula (2) 
are suiSicient, the zeolites may be regarded as solid solutions. E. 
Sommerfeldt has determined calorimetrically the evolution of heat, U, 
following the absorption of water by analcime, and obtained, as the 
result of three tests, the values 1520, 1710, and 1635 Cals, for the heat 
of combination of 1 molecule of water, i.e. an average of 1622 Cals. 
From the percentage of water by weight which a sample of analcime 
lost on being heated from 20° to T°C., whereby it is in equilibrium 
with the water vapour, the maximum temperature of which can be 
ascertained from G. FriedeFs researches, the heat of combination U 
may be found to be approximately 8530 Cals. This disagreement 
shows that the formula (2) cannot be applied to zeolites. Hence, 
according to E. Sommerfeldt, zeolites cannot be solid solutions ; he 
regards them as adsorption products. 

This conclusion of Sommerfeldt ’s is only partially correct, as the 
disagreement of the value found with that calculated merely shows that 
the zeolites are not solid solutions. It does not show that the water is 
adsorbed, i.e. combined in non-stoichiometric proportions. Indeed, 
the authors of the present volume have previously shown that the 
available experimental material only indicates that the zeolites do not 
differ essentially from other hydrates. 

The objection may be raised that the chief characteristic of zeolites 
— ^their ability to re-combine with water of crystallisation, as shown by 
Damour, whereby they are distinguished from other compounds con- 
taining water of crystallisation — is inexplicable in terms of the H.P. 
theory. This anomaly is, however, merely superficial. The power of 
combining with water has been exhaustively shown, elsewhere, to be 
dm to : 

1. The number of hydroxyl groups belonging to the water of 
crystallisation, and 

2. The nature of the base in compounds (salts). 

The more hydroxyl groups a compound contains, the closer is its 
relationship to ring-water. In saline compounds the combining power 
of the ring- water is also dependent on the nature of the base. Some 
complex acids have a close relationship to ring-water and therefore 
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t 'Aj?h Ik rriiltkvi'ly iimiuIht of watt'r-ringH. Tho sodium 

Mlt« *ii *!»■ '<♦’ iV i«l« < WHtiT of c ryHliilliHalion, tho potassium 

i*hH h'’*" ; tlio wator of crystalHsation in tho sodium coin- 

|g,tj}jd(* i* inoti* strfjiijily «on»}iirM'tl tJmn in tim atialogous potassium 
►alt).. H »■*. f*M l, pr«ih«}iU« thiit the* nilciiim group (0-€a.C)ff) near 
the ktroup'k ill 5iii>oht«'« t iiusi-s thf wator-rings wliieh have been 
«*ji»r.it<d to rr-<’ondnt»i'. This projH’rly of re-fombinatioii— so charac- 
jsrohio# * iinijot propi'fly ho iiuuUi a reason for separating 
rufnji»iiii»*l'« from ottM-rs rontaining water of crystallisation, 
and forming a M pariite » hi«s of eoiupoimds of a so-called “ zeolitic 

chars* trf ' 

XX 


The hi xitr ja-ntite theory j»ropo«d fiy the authors enables prog- 
noftr# of the I hfitih «l romjMmition of the aluminosiUcateK to he made. 
Two kind* of progfiosi's must Im* eleiirly ilistinguished : 

1. Thai*’ founded oil the projMirtion of base in tho comfiound 

(BaM!*prognt»«*'.»tj iind 

2. ThofM!’ in%‘«l%'ifig the presem-e of ring radicles (King-prognoses). 


I. XSaae pn^oses 


Kroiti » study of forinulw of the tyjHt 

N • Ai • A 1 • Hi > « Al,{>, • f 2 .HiO„ 
it in to |»retli» l that 

I, t*uffi|iound'* h»%'ifig such a formula ean at most contain 10 KjC), 
and tlmt 

2 From formul#* *if this typo the eotnposition of an enormous 
varii'ly of i**!!# can l«i pritltcti*d, including normal, acid, basic or 
ntiKeii ikiili*, alrciidy known luul others tlie existence of which has 
yet t«i fir provwl. Uy replacing the hydroxyl groups by halogens a 
further of cotnjiowtids is tliimretically jKissihle. 

Thus, ific rxislttwi* of the following eompounds of this tyjai is 
rett«idy con. «'i%*ahle ; the same is true of other formulas : 


X;» Nik Na Nil 

; I 5 a 

K ■ ' .* 

h Hi AI AJ’Hij 

^ \ / /• ,/ ■ /■ 

- ( 3 

Nil N« Na Nil 

iMto 


K 

Iv 


2 . 


Ka 

Nil 


K K 
I I 

j Hi 1 Al i Al j Si 

k K 


Kft II II Kn 
^ ^ 

K* 

3. ' . Hi Ar AI Hi 

N / X / / 

Na II II N^» 

UmMI MWI 


‘Na 

■Nft 


4 . 


K, 

K. 


Li If H Li 

Isi |Al|Al|Si| 
\/\/\/\/ 
Li H H Li 


oaastit) 
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Nil. H il Xi 
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iwMI iim¥'- 


(MkOHi. 

iMgtHO, 


lii H !i lU 

J : ' 

,(IfOMg (»Mg^ ^ ^ iMg OMgOltj, 

,(iroMg-<jMg) "'’I* iM«-oMgoiii, 

Y - : 

(a il It <i, 

iAm4 ti*«is .«^i| 


(HO-Mg-OMg-OMg)-/ 

(ir 0 *Mg' 0 'Mg- 0 -Mg)®-i^ 


CCttOll),X*« Xa {t’rtfllti, 

A/ '>/ ■ ., 

j Hi : ■ Al I gi j ^ 

X/"'/ ' /' / '■ 


(.Mg'O-Mg'O'Mg'OH) 

(Mg'ii-Mg-tl-Mg-OHj 


(CnOHl, K 


Ci’aOlti, 


2 . Etsf'progaotti 

From twh primary lyja; tA fornmla, « "iTii i* <4 %f « t»iiri«ry < om- 
poui.tls may be devi*fc«l. TIjiih, from Itw; primary tyja? : 

Hi • AI • At • hi 


PROGNOSES 


the secondary 

(a) 

Si' 


•Al 

• Si, 

and 


(6) 

Si' 

' Ai' 

• Ai 

A 

•Si, 


from the primary : 


Si ■ 

• Al' 

A 

'Si' 

' Al 

•Si 

the secondary: 

(a) 

Si • 

aV 

Si • 

Al ' 

■Si, 


(6) 

Si ' 

■il' 

•Si' 

• Al ' 

•Si, 


(c) 

Si' 

• Al • 

'Si- 

Al' 

• s\. 


id) 

Si' 

• Ai • 

-si' 

' Ai' 

•Si, 


may Tbe produced ; 


etc. 
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It has already been shown that a portion of the aluminium in 
epidote is replaceable by Ee=. From the formula for tourmaline (see 
Appendix) it may be concluded that part of the aluminium in 
aluminosilicates is replaceable by boron. If it be admitted that the 
aluminium in hexites and pentites may be replaced, in whole or in part, 
by elements capable of forming sesquioxides — and this view is highly 
probable and is supported by many analyses — ^the constitution of a 
large number of compounds may be represented. 

An interesting series of prognoses may be based on the properties of 
the mineral ardennite,”^®^ in which part of the aluminium is 
replaced by vanadium. The composition of this mineral is shown by 
the formula : 

10 MhO • V2O5 • 5 AhO^ • 10 SiOa • 5 H^O, 


which may be derived from : 

Si*R*:R*Si 

the structural formula being 

111 III 

jAl |Si >=-5H,O=10RO-V,O5-5AUO3-10SiOo-5Ha0. 
X /X X — u 


The positions indicated by dots show the vanadium atoms in the 
aluminium hexite. Vanadium hydrate is Yd ^ (OH)^, hence the 
trivalency of the dotted positions. 

It is highly probable that other ‘‘ ardennites ” will be found, in- 
cluding the foUowing : 


1 . 


II 

X, 

II 




Si| A1 I A1 |Si/=-aq. = 12RaO-2V8O8-4AlaO5*10SiOs*aq. • 



f 
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CONSEQUENCES OF THE H.P. THEORY 


• .1 


1. |Si I A 1 1 -aci. = 12E20- V»Os -SAlaOa- 12 SiOj- aq. 


3. 


'\/\ 


I Si I A1 I A1 I Si I = *aq. =14 R 2 O • 2 YaOs • 4 AI 2 O 3 * 12 Si 02 
II 111 III 11 etc. 


The replacement of the silicon by a»llied elements, such as titaninni, 
zirconium, tin, etc., is also possible, and a further large variety of 
compounds becomes conceivable. For instance, in the formula 

(a) il-Si*AI, 

the aluminium atoms may be replaced by those of boron to produce 

(h) T-Si-B. 

If the silicon in (S) is replaced by Sh 

B-Sn-B, 

may be produced. In a similar manner, by replacing aluminium and 
silicon in substances of other types, a large number of borosilicates, 
aluniinostannates and borostannates become theoretically possible. 

Few such compounds are tnown actually to exist ; among others 
is nordenskioldite^^^ 

AAA 

nBlSnlBf 

6 CaO • 6 BjOa - 6 SnOj = • Sn • !]^). 

Apart from those aluminosilicates Trhose constitution has already 
been described under the term “ a-complexes,” there is a smaller 
series — ^the “ ^-complexes ” — ^which mast be represented somewhat 
differently, though they are quite analogous to those prerionsly 
mentioned. These include sapphirin^®® 

6 • 2 SiO, • 6 Al*Oa. 

The constitution of this compound needs some explanation, as it 
has already (p- 36) been suggested that a silicon herite can, at most, 

/V 

unite with three AL Hence the formula : 
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I /\- 

Si; A1 

^ Y 
A 

Si: All 

r Y- 

I 


ilio(Ai • Si* • Al) ; R, = Mg. 

Sapphiria must, in fact, be regarded as a salt of an acid derived 
from the hydrate : 

Si = (OH)*, 

>0 

Si = (OH)* 

and from two hydro-aluminium-hexites by the removal of the elements 
of water. 

Theoretically, a sapphirin corresponding to 



R*(A1 • Si* • Al) ; = Mg, 

is possible, and, as a matter of fact, an analysis by Damour^®* and 
another by W. Schluttig^®® suggest a sapphirin corresponding to 


4 MgO • 2 SiO* • 6 A1*0*. 

If the aluminium in sapphirin is replaced by 

Pe = , Cr = , Mn = , B = , etc, 

and the silicon by 

Ti, Zr, Sn, etc., 

a large number of new substances will be formed. 

Howlite^®* : 

I ^1 

Si : I B A 

Si : !¥>- 
1 1 

RsCB • SU • B) • aq. = 4 CaO • 2 SiOa • 5 BaOs • aq., 

* In this stnictural formula, the oxygen atoms are omitted for the sake of greater 
clearness. 
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and Avasite^®’ : 


\ I -aa 
/ I aq. 



I 


I 


H,(Fe • Si, • Fe) • 5 H,0 = 4 H,0 • 2 SiO^ • 5 Fe,0, • 5 H,0, 


are of this nature. 

Theoretically, another class of /S-complexes is also possible, viz. 
those producible from the hydrate 


A1 = (OH) 2 
>0 

A1 = (OH)j 


and forming silicon hydrohexites and hydropentites in the maimer 
previously described. Compounds of the following types may thus be 
obtained : 


I 

ll : I Si r 

\Y 

/\_ 
A1 : [S^L 


A1 : 1 Si >= 

\ 'I 

Ai : |_^= 

11 


The constitution of the silicates 

2 CaO • KOH • Al^Oa ' 12 SiO* (milarite)!®*, 

EO • Al^Oa • 10 SiOa • 6 H 2 O (ptiolite)i59, 

EO • AlaOa • 10 SiOa * 7 H 2 O (mordennite)^®^ etc., 

thus becomes clearer. 


X ; 

If the molybdenum and tungsten complexes are truly analogous to 
the aluminosilicates, they must be constituted in an analogous manner. 
Assuming that, on the one hand, molybdic and tungstic acids and, 
on the other hand, vanadic, phosphoric, arsenic, and antimonic acids 
form hexa- and penta-radicles (hexites, pentites, hydrohexites and 
hydropentites) analogous to the acids of silicon and aluminium, 
complexes of molybdenum and tungsten together with their compounds 
must exist or be capablejof production, which may be termed a- and 
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;8-complexes ; in other words it must be possible to conceive a large 
number of molybdic and tungstic complexes whose constitution may be 
ascertained from the hypothesis just mentioned. It is clear that the 
chemical properties of the compounds should agree with the structural 
formulse assigned to them. That they do so is shown below. 

It is now necessary to consider what vanadium molybdates are 
theoretically possible. 


a-Vanadomolybdic anhydrides 


Ifo • V • Mo 

M 5 - t-H 5 

V • Ikio • V 

V • Mo • V 

v-v-Mo 
Mo • V- V-Mo 
Ido • V • V • Mo 


= 3 V,05 • 12 MoOa, 
= 3 V, 0 , • 10 MoOa, 
= 6 VjOs ' 6 MoOs, 
= 5 V.Oa • 6 MoOs, 
= 6 V.O5 • 12 MoO„ 
= 6 VsO«-10MoO„ 
= 5Vj06-12Mo03, 


lAo • t • Mo • V • Mo = 6 V3O3 • 18 M0O3, 
^ • V • Ido • t • Mo = 6 VsO, • 16 MoO„ 
Mo • V • Mo • V • Mo = 6 V3O3 • 15 M0O3, 
lAo* V-Mo • V-M = 5 V3O5 • IS M0O3, 
V-Mo-t-Mo-V =9V305-12 MoO„ 

V • Bfo • V • Mo • V =8 V3O5 • 12 MoO„ 

V • Mfo • V • Mo • V =8 V3O3 • 10 MoO„ 


^Mo 

Mo^V 


= 3 V3O, • 18 MoO„ 


= 9 VjOs • 6 MoOj, etc. etc. 


Erom the existence of ^-aluminosilicates it may be concluded that 
the existence of analogous iS-vanadomolybdates is also theoretically 
possible. These are formed ( 1 ) from the hydrate ; 

V=(OHh 

>0 

V=(OH), 

and molybdenum hydrohexites or hydropentites, and ( 2 ) from 

Mos(OH)» 

>0 

Mo p (OH)s, 
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and the corresponding ring-radicles of vanadic acid. In the first case 
the following hydrates are produced : 


W 

, A, 

V • I Mo j 

\Y 


(b) 


V : 


Mo I 

\a' 


lUtiiio • V. • Mo) 

(c) 


II 

i/ : 


I 

jMo 

„„ 1 

V : j Mo '> 

i \ 


H,.(Mo • V, ■ Mo) 

(d) 


jMo |Mo| 

a® ** 

1 1 ! 

II _ B 

Mb 1:1/: , M«i 
« ' 

"A. 

“*y : jMo| 

1 

» V : j Mu 

1 

10 H.0 ■ V,0. • 18 MoO, 

10 H,0 • V,0» • 15 MiiO, 

(e) 

to 

_A A„ 

j Mo j : '5>' : 1 Mo 1 

T >'r 

i . . J 

— ^ Moi : V : iMo^~ 

r ■' ' ■ ) 

_A '^A_ 

1 Mb j 2 V : 1 JI 0 j 

"Y Y" 

t 1 

-<^Mo| :V; 'mo^- 

f“”' * 1 


Hi»(5lo* > V,< Moi) 

8H,0-V,0,-24Mo0. 


i I III Mof ^ ^ 1*^ Moi) 

a H,(> • v,o, • ill Uuih 
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When the hydrate OV2(OH)8, like the hydrohexites and hydro- 
pentites, forms condensation products, acids of the following anhy- 
drides : 

6 V 2 O 5 • 16 M 0 O 3 , 

9 V.Os • 22 M 0 O 3 , 

are formed. 

Similarly, a series of j^-vanadomolybdates may be formed from 
OMo2(OH)io and vanadium hydrohexites or hydropentites. 

If, in the a- and yG-vanadomolybdates mentioned, the vanadic acids 
are represented by phosphoric, arsenious, arsenic, antimonious, 
antimonic, and other acids, and the molybdic acids by tungstic acid, 
the existence of vanado-, phospho-, arseno-, and other tungstates and 
of phospho-, arseno-, and other molybdates becomes theoretically 
possible. 


Proofs of the Correctness of the above Formulae for the Representation of 
the Chemical Structure of Molybdic and Tungstic Complexes 

It has been repeatedly stated in the foregoing pages that the 
changes which have been observed to occur in Nature in aluminosili- 
cates make it highly probable that under suitable conditions they may 
be converted into one another. This fact not only agrees with the 
authors’ hexite-pentite theory, but is a natural deduction from the 
latter. In the case of the various molybdic and tungstic complexes, 
also, there is the possibility that, with the same component acids, 
they will be mutually convertible in the widest proportions, if their 
constitution is analogous to that of the aluminosilicates. For instance, 
the various vanadomolybdates are, without exception, converted 
into each other under certain conditions : the vanadotungstates, 
arsenomolybdates and arsenotungstates are distinguished by this 
characteristic property. 

The best experimental confirmation of the authors’ views may be 
found in the researches of Friedheim and his pupils, whose work is 
characterised by the great exactitude and care with which it has been 
carried out. 

The above-mentioned property — convertibility — is shown in the 
Tables on the following pages, in which a number of the results ob- 
tained by Frieidheim and his pupils have been summarised : 

Table A. — Action of a small quantity of M0O3 on normal vanadates. 

Table B. — Action of M0O3 on normal vanadates. 

Table C. — Action of chlorides on NH4 VOg+MoOs. 

Table D. — ^Action of normal vanadates on paramolybdates. 

Table E. — ^Action of M0O3 on normal vanadates. 

Table F. — ^Action of M0O3 on phosphates. 

Table G. — ^Action of M0O3 on arsenates. 
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On crystallisation yields 3 BaO • 2 VjO, 



Table E. 

Action of MoOg on normal Vanadates and of VgOg on normal and Paramolybdates 







HPO, saturated 6 Na,0 • 2 PjO, • 48 MoO, 3 Na,0 • P.O, • 18 MoO, 

with MoO, • 100 H,0 • 26 H,0 



Action of MoOo on K«0 • AsoOc 
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It is not difficult to show that the vanadomolybdates given in the 
Tables A, B, C, D, and E are genetically related to each other, as 
would be expected from the theory. 

There must, of necessity, be a relation between vanadomolybdates 
in Tables A, B, and C, as these compounds are all obtained by the same 
method from different proportions of normal vanadates and M0O3. 
The compounds shown in Table C must be related to those in A and 
B, as they are nothing more than transformation products of the 
latter. Hence the following genetic relationship between the vanado- 
molybdates : 


(a) 

2 E .,0 

v,0.- 

6 MoOs, 

(6) 

SRjO' 

2 V. 05 - 

12 MoOa, 

(c) 

7R2O 

3 V.Os ■ 

■ 18 M0O3, 

id) 

RjO- 

v,0.- 

3 MoOa, 

(e) 

2 R, 0 ' 

V,Os- 

3M0O3, 

if) 

SR^O- 

2 V, 05 - 

6 M0O3, 

ig) 

2 R, 0 ' 

2 V, 05 - 

5 M0O3, 

ih) 

SR^O- 

2 V, 0 .- 

4 M0O3, 

(*■) 

iR^O- 

3 V ,05 • 

5 M0O3, 

ik) 

5 RjO- 

4 V, 05 - 

6 M0O3, 

il) 

RsO- 

v,o.- 

M0O3. 


Those shown in Table D, viz. : 


(a') SR^O- 6M0O3, 

( V ) 5 R3O - 2 V3O5 • 12 M0O3, 

(o') 2R20- V^Os- 4M0O3, 

id') 3M0O3, 


must alao be related, as they have been produced in an analogous 
fashion from normal vanadates and paramolybdates. 

On the other hand, the vanadomolybdates (b') and (d') have a 
composition analogous to (b) and (e) in Tables A, B, and C, whereby 
the relationship of the various molybdates in the first four Tables 
enables them to form a definite class of compounds. 

Table E includes the following : 


ia") 

2R30- 

VaOa- 

6 M0O3, 

ih") 

SRaO- 

2 V3O3 ■ 

12 M0O3, 

ic") 

7 RaO- 

3 V3O. ■ 

18 M0O3, 

id") 

2R,0- 

VaO.' 

• 4 MoOa, 

ie") 

3 RjO • 

2 V 305 - 

• 4M0O3. 


From this Table (E) a relationship is shown between 

1. a^ V, c" ; 

2. a^ d" and 

3. b", e^ 

so that a", b'\ c", d'\ and e" must be analogously constituted. 
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As these substances are also shown in the Summary of Tables A, 
B, C, and D 

a" = a, 
b" = b' = b, 
c'' = c, 
d" = c', 
e" = h, 

there is a definite actual relationship between all the vanadomolyb- 
dates mentioned in Tables A, B, C, D, and E. 

It is obvious that there can only be one theory which explains all 
these vanadomolybdates satisfactorily. The authors’ hexite-pentite 
theory does this, and, what is more, it enables the existence of this 
relationship to be predicted. A study of the following structural 
formulae of these vanadomolybdates leads to the surprising result that 
a large number of the theoretically constructed compounds of this 
group are actually in existence, and it is to be expected that the 
remaining vanadomolybdates — ^which are theoretically possible — 
will be discovered sooner or later. 

The vanadomolybdates just mentioned clearly possess the following 
structural formulae : 


(2 KaO • V.Os - 6 MoOa 


7 R*0 • 3 • 18 MoOa 




yMO\ 




(a, a"). 


(c, c"). 


( 

(6 R,0 • 2 V.O5 • 12 MoOa)i .5 = Ri5 V^Mo (b, b', b"), 

/ 

(3R,0-V.O.-6MoOa), = Rie (a'). 


(E,0- V,0.-3MoO,). 

(2 R,0-V,0.-3MoOa), 
(3 R.O-2V,05-6MoO,), 
(2R,0-2V.O.-6MoO,), 
(3R,0-2V,0.-4MoO,), 
(4R,0-3V.O,-6MoO,), 
(5R,0-4V,0.-6MoO.), 
(RjO- V,0,-MoO,). 
(2R,0-V.O.-4MoO,). 


= Rx,(jfo • V • ]^o • t • Mo) (d), 

= R» 4 (Jfo • '0' • ]^o • V • :^o) (d', e), 

= (f), 

= Ri,(Mo • • Mo • • Sfo) (g), 

= t • t • Sio) (e", h), 

= ]^i.(Mo • t • V • BSb) (i), 

= R.o(? • ])io • t • IVfo V) (k), 

= R 4 ,(t • IMfo • t) (1), 

= R,»(])io • t • Mo) (o', d"). 
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CONSEQUENCES OF THE H.P. THEORY 

The objection may be raised to the conception of the a-vanadomo- 
lybdates as salts of complex acids : viz. the ratio of the acid components 
(V2O5 : M0O3) must remain unchanged when the acids are treated 
with salts such as NaCl, KOI, etc., and the only substitution which can 
take place is by means of monovalent elements such as Na, K, etc. 
With the vanadomolybdates, however, this is not always the case. 
For instance, it may be seen from Table A, that the compound 

(a') 5 (NHd^O • 4 Y,Os * 6 MoO, • 14 H, 0 , 

on treatment with KCl is converted into 

{b') 3 KaO • 2 V*05 • 4 MoO, • 7 H* 0 . 

The acid anhydride ratio in (a') is 2 : 3 and in {b') it is 1 : 2. 

From the same Table it follows that 

(c') 3 KaO • (KEL ,),0 • 3 V.Os • 5 M0O3 • 9 H,0, 

on treatment with KCl is converted into 

(d') 3 K,0 • 2 • 4 MoOa ‘ 7 aq. 

In [c') the ratio of VaOs : Mo03==3 : 5 and in (d') 1 : 2. 

In this connection it should be borne in mind that — ^notwith- 
standing the undoubted existence of free complex acids of Mo and W, 
such as the silicotungstate Si02 • 12 WO3, silicomolybdate SiOg • 
12M0O3, phosphomolybdate P2O5 • 24M0O3, — ^Friedheim and 

his associates endeavoured to regard molybdic and tungstic complexes 
as salts of related acids ; they conceived the idea that they might be 
double salts and had hopes that this would sufi&ce to explain the 
remarkable conversions they had observed. And yet these reactions 
are by no means so puzzling as may, at first sight, appear. Only the 
a-complexes of the aluminosilicates can be distinguished by a certain 
durability, e.g. 

6.5 R ,0 • 6 AlaO, • 16 SiO, (p. 39 ), 

in Lemberg’s series. Whatever salts are allowed to act on the com- 
pounds in this series the aluminasilica ratio remains constant. In the 
a-components of the molybdic and tungstic complexes this is not always 
the case ; they are, to some extent, unstable. The aluminosilicates 
are not all of equal stability. Of all the numerous types previously 
mentioned, 

Si • A 1 • • Si, 

the kaolin type, is the most stable. It is well known that the action of 
various natural (geological) processes is to convert the various alumino- 
silicates into compounds of the kaolin type. 

The great stability of compounds of the kaolin type is also shown 
by a series of fusion experiments by Doelter^®®, who foimd that 
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1. Laumontite : 

Ca,(Al • Si • Al) • 12 H,0, 


at a sufficiently Mgh temperature, loses silica and water, forming 
anorthite : 

da.(Si • a 1 • Al • Sx). 

2. On fusion, natrolite : 


produces 
silica and water. 


l5'ai,(Si • AJ • Si • Al • Si) • 12 H,0, 
N'aij(Si • Al • AJ • Si), 


3. On fusion, scolecite : 


yields 


H.iCa.CS'i • AJ • Si • Al • Si) • 6 H*0, 


Ca.(Si • Al • Al • Si), 

silica and water. 

If the vanadomolyhdates and vanadotungstates are true analogues 
of the aluminosilicates, the most stable of the a-compounds must be 


Mo • t • t • Ido, and 


This is actually the case, for Friedheim has shown that 


(a) 6 Na,0 • 3 V,0. • 6 WO., 
on boiling with WO3, is converted into 

(y8) 6Na.O-3V.O,-12WO„ 
and on fusing 0 the a-compound 

'k -if -k'-k, 

remains behind. 

On studying the puzzling transformations of the vanadomolyb- 
dates in the light of the hexite-pentite theory, it will be seen that the 
less stable a-compoimds are converted into the highly stable 

Mo • f • Bio. 

The conversion of (a') into (6') and (c') into (6') may be represented 
as follows : 

V • Bio • f • Bio • V -> Bio • t • t • Bio, 

(aO 

(c') 


(60 

Mo • t • ^ • Bio. 
id') 
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No double decomposition can result from the action of KCl on 
{a') or (c'), because these substances are unstable in solution, as may 
be found from their behaviour when attempts are made to crystallise 
them from such solution. The ratio V2O5 : M0O3 in compounds of the 

type Mo . V . V . Mo is not affected by reactions involving double 
decomposition. 

The most stable type of compound may be represented by 

Mo 

^Mo 

deduced from the conversion of (a") and (J") into {c") (Table E). 

No less interesting is Table F, all the compounds of which, with 
the exception of 

6 K,0 • 4 P ,05 • 9 M 0 O 3 • 4 HA 

may be accurately represented by hexite-pentite formulae, thus : 


[a] 

(2 RjO-PjOj -411100,) a 

= Ria(Mo • P • Mo), 

(6) 

4 R,0 • 3 P,Oj • 10 MoO, 

= R8(Mo • P • Mo), 

(c) 

(R,0 • PaOs • 2 MoOa)e 

= Ria(Mo • P • P • Mo), 

(d) 

(4 RaO ■ 3 PaO, • 9 MoOs)a 

= Ri6{Mo • P • Mo • P • Mo), 

(e) 

7 RaO • 6 PaOa • 16 MoO, 

= Ri 4 (Mo • P • Mo • P • Mo), 

(/) 

(4 RaO-3PaOa-4MoOa)a 

= Ra 4 (l» • Mo • P • Mo • f»). 

{g) 

(2 RaO • PaOa • 5 MoO,), 

/ 

= ]RjpfMo 
\ ^Mo/ 



/ /Mo\ 

(g') 

(5 RaO • 2 PaOj • 10 MoOa)i. 

.a= Raa^^Mo 

V ^Mo/ 

(/) 

(3 RaO * PaOa ’ 5 MoO,), 

^Mo^ 

(h) 

(3 RaO • PaOa • 18 MoO,) 

II 

a» 

(»■) 

2.5 RaO • PaOa • 24 MoO, 

II 

\/^ . 
hj. \ 

o 

(»•') 

(3 RaO-PaO.-24MoOa) 



Altogether this series affords one of the most interesting conjfirma- 
tions of the hexite-pentite theory, and the advantages of grouping 
together these substances on the basis of their analogous mode of 
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formation are readily understood. Friedheim, on the contrary, suggests 
the following, particularly with regard to the compounds (c), {d), (e), 
and (/) : 

“ Only compound (c) of the previously unknown substance — the 
simplest of all those which contain phosphoric and molybdic acids — ^is 
of a simple nature . . . the other substances are undoubtedly mix- 
tures.’’ 

Friedheim regards the compounds (c?), (e), and (/) as ‘‘ mixtures ” 
simply because he could not otherwise explain their composition ! The 
Table is, therefore, only of value in so far as it shows a relationship 
between the a- and /3-phosphomolybdate complexes ! 

Table G leads to the same conclusions as the others. The sub- 
stances in it may clearly be expressed in the light of the hexite-pentite 
theory as follows : 


(a) 

(2 RaO • ASaOfi • 4 Mo03)3 

= Ris(Mo • As • Mo), 

(aO 

(3 RaO • ASaOfi • 4 Mo03)8 

‘ As * ]M[o), 

(6) 

(RaO • ASaOs • 2 Mo0a)6 

= Ris(Mo • As • As • Mo), 

(c) 

(RjO • ASaOj • 6 MoOala 

/ 

= R.| As^Mo 1 

(cO 

(3 RjO • AsaOs • 6 Mo03)8 

/ ^ /Mov 

= Ru j As^Mo 1 

(d) 

(2 RaO * ASaOg • 5 Mo03)8 

. / , 

= R„( As^Mo I 

(d') 

(5 RaO-2AsaO5-10MoO3)i. 

/ ^ yMo\ 

5 = Ritl As^Mo 1 

V ^Mo^' 

(e) 

6 RaO • AsaOc • 16 MoOa 

II 

o 


Of further interest in connection with the hexite-pentite theory 
are the series of salts^’® produced by the action of VgOs on potassium-, 
sodium- and ammonium-paratungstates : 

1. 2R20-V,05-4W03, 

2. 4R30-3V305-12W0a. 

Of these, the first is immediately decomposed by acids — even in the 
cold — ^with separation of almost the whole of the tungstic acid. On 
evaporation with hydrochloric acid, the tungstic acid is precipitated 
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quantitatively in as complete a manner as in ordinary tungstic salts, 
though in this instance it is rendered impure by the co-precipitation of 
vanadic acid. 

Compounds of the second series are not affected by acids. 

Priedheim has endeavoured to show that the action of acids on the 
compounds in the first series brings about a separation of tungstic 
acid because they have, as one of their constituents, a paratungstate 
which behaves in the same manner. He therefore suggested the 
following equation : 

(2 RaO • V^Ob • 4 W03)3 = 5 R,0 • 12 WO 3 + R 2 O • 3 VaOs. 

(Paratungstate) 

The compounds of the second series he expressed as shown below, 
because the meta-tungstic acids behave in an analogous manner : 

4 R 3 O • 3 V 3 O 5 • 12 WO 3 = 3 (R 3 O • 4 WO 3 ) + R 2 O * 3 V 3 O 5 . 

(Metatungstate) 


Priedheim himself raised the following objection to his own con- 
ception of the molecular structure of the compounds of the first 
series ; 

“The aqueous solution of the compound 2 R 2 O • VgOs • 4 WO 3 
yields no precipitate on the addition of barium chloride or silver 
nitrate, but on evaporation with the first of these reagents the corre- 
sponding barium salt is formed; with silver nitrate a red solution, 
which changes after a time to a purple-reddish crystalline compound of 
the corresponding silver salt, is produced, and, if the solution is con- 
centrated, the salt crystallises out in red needles.’" 

It is scarcely likely that the compounds 2 R 2 O • V 2 O 5 • 4 WO 3 
contain the components shown by such a formula, as the latter does 
not indicate a substance which will form easily soluble barium and 
silver salts. In another research, Priedheim regards these compounds 
atomically, though even then it is scarcely possible to see, from Pried- 
heim’s structural formula (p. 21 ), that the bonds between the vanadium 
and the tungsten are different in the second group from what they are 
in the first. Yet this difference is at once observable in the following 
structural formulae based on the authors’ hexite-pentite theory : 


Wj V|W 

6Ra0-3V,0.*12W0, 


W 


W 


I I 

4 R .0 • 3 V,0. • 12 WO,. 


Valuable confirmation of the authors’ theory is also found in the 
interesting researches by Marignac^’* on the silicotungstates. His 
formula (SiOa * 12 WOj) at once suggests hexite. ^ 

For the compound 


4H,0-Si0,-12W0„ 
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the hexite-pentite theory shows three isomers to be possible, viz. : 


1 . 

/\ 

w|:Si:|w| 






II 

/\. 

W 

X/' 

II 


2 . 

II 

/\ 
: Si : I W 

\/ 

II 



Marignac prepared two isomeric acids and two isomeric series of 
salts having the formula 4 RjO • Si 02 * 12 WO 3 . 

The “ water of constitution ” in the free acids and in some of the 
salts may be demonstrated in a very accurate manner, as the acids 
4 HjO • Si 02 • 12 WO 3 • 29 HjO lose 25 mol. HjO at 100®, another 
6 mol. between 160° and 220°, and are completely dehydrated at 350°. 
Hence, 8 mol. HjO may be regarded as the “ water of constitution ” 
as shown in the structural formula : 


II 

|w 

=\/ 


Si 


|w 


The calcium salt, 2 CaO • 2 HjO • SiOj • 12 WO3 • 22 HjO, loses 16 
mol. H 2 O at 100 °, and it also contains 8 mol. H 2 O as “ water of con- 
stitution.” This may be expressed thus : 


(OH) 2 

HO-Ca_/\ 

|w|:&: 

(H 0 ) 2 =\/' 


(OH), 

A_Ca-OH 

Iwj-OH 

'\/=(0H)2 

(^)H)2 


The potassium salt 

2 K 2 O • 2 H.O • SiO, • 12 WOs • 7 H.O 


occurs in thick prisms and pearly hexagonal plates. Its dimorphism 
may he explained by the use of the following formula : 


H- 


K 

I 


W 

H-\/^ 

I 

K 


1 . 

K 

I 

; Si : W 

\/ 

I 

K 


-H 
— H 


H 


2 . 



T^e silicotungstates may also be regarded as representing the 
/^-complexes which, in molybdio and tungstic compounds, are so'much 
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rnoro stablo than the a-complexes. The ^-complexes UKualiy yield free 
ackl« and the salts are not easily eonvertcd into eomjKninds of other 
series, but will crystallise from their aqueous solution witlmut any 
dec'oraposition. The acid component ratio also remains unaffected by 
reactions involving a double dec-omposifion. 

I’heoretically, the following compounds may exist ; 

I _ I 

VV 1 : §i : i W 

\ I 

4 R,0 * SiO* - 10 WOi, 

and Marignatc also prepared c*omp(nanclH of thin mtim. 

The following formulie for molyhdie and tungstic* ^-eoriiplexei are 
derived from eompounds mentioned in Dammer*« “ Ifiiiidbook '' : 

(a) HjfSfo • All * Mo)^ 

{h) iL(W • K • vv), 

(0 It,(W • Hi • W), 

id) • i‘t • Mo). 

if) i{.rw • ft • \V). 

{«) • A*!, ‘ Mo). 

KfO * AltOi * 10 M<>Os • CFariiieritjer*^®|. 

ih) fi.(W • li, • W). 

2 IkO • B.O, • 10 WO, • 10 H,0 (Klrin»»«), 



(r) 

K,(^ 

Si • W). 

4 H.O 

• SiO, 

10 

WO, • 

3 H,0 (Dlarignnc 

3 (NH,),0 

• HiO, 

10 

wo, • 

S» H,0 

4 (NH,),0 

•SiO, 

10 

wo, ■ 

KH.O. 

2 H,0 • 2 K 

,0 - SiO, 

10 

wo, • 

K H,0, 

4K,0 

• SiO, 

10 

wo, • 

1711,0, 

4 Ag,0 

*8iO, 

• 10 

wo, • 

3 H.O, 

4 BaO 

• SiO, 

• 10 

wo, • 

22 H,0, 


id) It,(Mo ■ ik ■ Mu). 

4 Na,0 • PtO, • 10 M«0, • 29 11,0 (Oibbs*’*). 


it) ll,{W • I*l • W). 

4 (NH,).0 • BO, • 10 WO, • 12 lf,0 (Oibl»«”|, 
4 Ha.O • PtO, • 10 WO, • 25 H.O, 

4 K.O • BO, • 10 WO, . 12 H,0. 
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(a) 

K,(Mn • Al, • Mo), 


(d) - 

R,|Mo • (‘r, ■ Mo), 


(c) 

K,(W - 15, - W), 


W 

K„f !lio • .si • Mo), 

{Ill l.HJ 

M 

r{,(w - Hi ■ \V). 


If) 

H,(Mo ■ Zr • Mo), 


iff) 

U,lMo • 'fi ■ Mo), 


ik) 

15 JW • i\ • W). 

(m 2,1) 

it) 

H(»».Mo ■ h- Mo). 



frt) H.lMo • aI, • Mo). 


3(XH.),0' 
3 K.O 
3Xa,0 • 

.\I,0, ■ 12 .MoO, ■ 2^1 11,0 (ParnH-Hfior*’*) 
,\1,0,- 12 .MoO, •2H 11,0. 

A1,0,- 12 .MoO, • 22 11,0. 


tf>) ■ (’r, ' M<t). 

3 (NH,),0 • (.'r,Oi • 12 JJnO, • 2i> ll,<) iKtruv*'*’*. 

3 K,0 ■ (’r,0, • 12 M«.0, • 2«* lf,0 (H.). 

3 Na,0 ■ Cr.O, • 12 M«*0, • 21 11,0 (H.). 

(t) K.fW-il,.W). 

2 K,0 • 2 11,0 ■ }},0. . 12 Wf>, . Ill 11,0 <Kl. in»"). 

4 K,0- 15,0, • 12 WO, -21 11,0, 

K,0 ■ 3 BiiO ■ 15,0, ■ 12 WO, • 2 h H,0. 

(rf) li„(M«i • Ni • ; ni 4 H, 

2 H,0 ■ HiO, • 12 M*»0, • 21 II ,0 ll*«r»n»'tiiiPr***j, 
2 11,0 • HiO, • 12 M<.0, • m 11,0 lA«« IP'*}, 
2(NH,),0 -HiO, ' I2M«.0,- Hlt.OllM. 

2K,0-Bi0, « 12M..O,- 11 11,0 iP k 

2 K,0 • HiO, • 12 MmO, • 111 11,0 (p,|, 

l.r> K.O ■ 0.5 H, 0 . HiO, • 12 M<. 0 , • I 35 11,0 tA.), 

2 Na,0 • HiO, ■ 12 M«*0, • 21 11,0 

1.5 Na, 0 -0.5 If.O • HiO, • 12 Mi.O, ■ 1« 5 11,0, 

2 Ag,0 ■ SiO, • 12 MfiO, ■ 12 11,0, 

1.5 Ag,0 -0.5 H,0 - HiO, • 12 31«»0, • 10,5 11,0, 

4 Ag,0 • Hi( i, • 1 2 M.*< I, • 15 II ,0. 

2 MgO . HiO, • 12 M..O, • mt 11,0, 

2BnO -HiO,' I2M.,0.- 24 11,0, 

^ > HiO, - 12 MhO, ' 24 11,0. 


4 H,0 ■ 
4 ir,o • 

2(NH,).0.21f,0. 


CO 

HiO, • 12 WO, • 22 ttiKl 2» 11,0 (Mariaiwi »•*). 
BiO, • 12 WO, • 30 11.0, 

SiO, - 12 WO, •lOM.O, 

SiO, . 12 WO, - 0 11,0, 
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4K,0 
2 K»0 • 2 H,0 

2 K,0 • 2 H^O 

3 KiiO • 5 H^O 
4 Na,0 

2 Na^O • 2 HjO 
2 Na,0 • 2 HaO 
2 NaaO ■ 2 H,0 
3 (2 Na,0 • 2 H.O 
Na,0 • 3 H,0 
Na*0 • 3 BaO 
2 MgO • 2 HjO 
5 CaO • 3 Hs>0 
2 CaO • 2 H,0 
2 CaO • 2 H^O 

4 BaO 

2 BaO • 2 H 2 O 
2 BaO • 2 EsO 


SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
2 (SiO, • 12 WO,) 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
SiO, • 12 WO, 
2 (SiO, • 12 WO,) 
SiO, • 12 WO, 
SiO, -12 WO, 
SiO, • 12 WO, 
SiO, -12 WO, 
SiO, • 12 WO, 


20 H,0, 

7 H,0, 

16 H,0, 

25 H,0, 

7H,0, 

10 H,0, 

11 H,0, 

18 H,0, 

13 H,0) • 4 Na,NO„ 

14 H,0, 

28 H,0, 

16 H,0, 

47 H,0, 

20 H,0, 

22 H,0, 

27 H,0, 

14 H,0, 

22 H,0. 


(/) ]^,(Mo • Zr • Mo). 

2 (NH,),0 • ZrO, • 12 MoO, • 10 H,0 (Pechardiss), 
2 K,0 • ZrO, • 12 MoO, • 18 H,0. 

(g) R,(Mo • Ti • Mo). 

2 K,0 • TiO, • 12 MoO, • 20 H,0 (Pechard^®*), 
2(NH,),0-Ti0,-12M0, •10H,O, 

2 K,0 • TiO, • 12 MO, • 16 H,0. 


(h) R,„(W-P, -W); m = 2.4. 

P,0, • 12 WO, • 42 H,0 (Pecliardi87), 

2 (NH4),0 - P,05 • 12 WO, • 5 H,0, 
K,0-P,05-12W03- 9H,0, 

2 Na,0 • P,05 • 12 WO, • 18 H,0, 

Li,0 • PjO, • 12 WO, • 12 H,0, 

T1,0 • P,05 • 12 WO, • 4H,0, 

Ag,0 • P,05 • 12 WO, • 8 H,0, 

2 CaO • P,05 • 12 WO, • 11 H,0, 

2 ZnO • P,0. • 12 WO, • 7 H,0, 

2 PbO • P,0, • 12 WO, • 6 H,0, 

2 MgO • P,0, • 12 WO, • 10 H,0, 

2 CaO • P,0, • 12 WO, • 19 H,0, 

2Sr0-P,0,-12 W0,-17 H,0, 

2 BaO • P,0, • 12 WO, • 15 H,0. 


(t) Ilio(Mo • I, • Mo). 

5 (NH4),0 • 1,0, • 12 MoO, • 12 H,0 (Blomstrandisa), 
9 K,0 • H,0 ■ 2 (1,0, • 12 MoO,) • 24 H,0, 

5 Na,0 • 1,0, ' 12 MoO, • 26 H,0, 

6 Na,0 • 1,0, • 12 MoO, • 34 H,0, 
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5 EiaO • laO, • 12 MoO, • 15 H^O, 

5 Li^O • I2O7 • 12 MoOa • 18 H^O, 

5 CaO • IjO, • 12 M0O3 • 26 HjO, 

4 CaO • I3O, • 12 MoOs • 21 H^O, 

4 SrO • NajO • I3O, • 12 MoO, • 20 H3O, 

9 BaO • Na.O • 2 (I^O^ • 12 M0O3) • 28 H3O, 

2 MnO • 3 NajO • I3O, • 12 MoO, • 32 H3O. 



KsO • P2O5 • 15 MoOa (Rammelsberg^®*). 



5 (NH4)30 • MnaO, • 16 MoO, • 12 H3O (Struve^*®), 
6 K,0 ■ Mn,0. • 16 MoO, • 12 H 3 O. 



3 (NH,),© • P,0. • 16 MoO, • 14 H,0 (Kehrmann^i). 

/ 

(c) R,. P,f W ; m = 6.12. 

V 

P,0, • 16 WO, • 69 H.O (Kehrmanni®®), 

3 (NH4),0 • P.O, • 16 WO, • 16 H,0 
2Ba0-(NH*)30-P,0 ,- 16 WO,- xH,0, 

6 (NH4)30 • P,0, • 16 WO, • 2H,0, 

3 K,0 • P,0. • 16 WO, • 16 H,0, 

2 H3O • 4 K3O • P,0. • 16 WO, • 19 H,0, 

6 H,0 • CaO • P,0, • 16 WO, • SH,©, 

3 BaO • P,0, • 16 WO, • x H,0. 
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(a) 

‘ .M</ 


Ci - X) XiisO • I'jO, ■ IH MmO, (2n 


(M 



X) 11,0 (Fijikiriir***). 


• n K,o ■ I'.o, • IH wo, • 2 :i H,Oi<JiJi!»o»«}, 
« K .o ■ I* o,, • IK Wo, • :Kt H,o, 

K.o • H^O ■ I*, 0 ., • 1 . wo, - M H,<». 



Af ,0, • |H Mt»0, ■ .'l*t jumI 2k H,CJ 
2 (NH.I.O • I H,0 • Af>,(K • IK • la 
:i K,() • 3 H,0 • Ah.O, IH M..O, • 23 H,0, 

K.C) • n H,0 • Ah,0, • 18 .\1<.0, • 21 H.O. 

3 K.O • 3 H.O < A«,0» • IH MoO, • 21 H,0. 

3 Li,0 • 3 H,() ■ Aii.O, • IK M*tO, ■ 31 H ,(), 

aT!,0 ■ Ak, 0, • 1« Mi>0, • x H,0, 

3 Tl.O • 3 H.O • Ak.O, • IK M«.0, ■ 3 H ,0. 

8 Am, 0 • A»,0, • IH M«0, • 32 H ,f). 

7 Ak.O • n H,0 ■ 2 {An/!, • IK • 22 H,0. 

3 C-ttO ■ 3 H,0 ■ AM,Cn • 18 M.A>, • 2ft H,(». 

3 SrO • 3 H,0 . A«,0» - 18 M. O, • 2ft H,0, 

3 MO ■ 3 H,0 • Ah.O. ■ 18 M«.0, • 33 «,0 (M M«, Oil. M»>. O.). 

3 MO • 3 H,0 ■ Ai.,0. ■ 18 M<.0. • 34 H.O (M %n. i'u. Ni). 



♦ 


“> ■‘••Uv/'-'Vw) 
<0 


»» -■>: 4, fi. 14. 


■w 
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m = 4, 6, 14. 


3 H^O • PsOs • 20 MoOa • 21, 38 & 48 H^O (Debrayi®’), 

2 AgjO • P^Os • 20 MoOs • 7 H,.0, 

3 KjO • P2O5 • 20 M0O3 • 3 B.,0, 

7 Ag^O • P^Os • 20 M0O3 • 24 H,0. 

. /W\, /W\ 

(b) Ri^vw/P^Xwj 

P^Os • 20 WO, • 62 H,0 (Pechardi»8), 

P,0, • 20 WO, • 50 H,0 (P.), 

6 BaO • P,0, • 20 WO, • 48 H,0 (Gibbsi»»). 


o /Mo\ 0 /M.o\ 

(c) 

As,0, • 20 MoO, • 27 H,0 (Debray^®*), 
3 K,0 • AsjO, • 20 MoO, • 



3(NH,),0 • P,0.-22Mo0, • 9H,0 

3 (NHdjO • P,0, • 22 MoO, • 12 H,0 

3K,0 • P,0,-22MoO, • 

5 K,0 • H,0 -2 (P,0. • 22 MoO,) • 21 H,0 
7 Ag,0 • P,0, • 22 MoO, • 14 H,0 


(Gibbs*»i), 
(Rammelsberg*®*) , 
(R.), 

(R.), 

(G.). 



m = 4, 6, 8, 14. 


P2O5 • 22 WO3 • 7 HjO (Kehrmann*®*) and 

2 KjO • P2O5 • 22 WO3 • 6 H3O (Gibbsa®*), (Freinkel), 

3 (NHi )30 • PjOg • 22 WO3 • 21 HjO (G.), 

4 BaO ■ PaOg • 22 WOg • 41 H3O (G.), 

7 KjO • PjOb • 22 WO 3 • X HaO (K. and Fr.), 

7 BaO • P2O5 • 22 WO3 • 69.6 HjO (Sprenger, K. and Fr.), 
3 BaO • 4 AgaO • P2O5 • 22 WO3 • x HjO (K.2®«). 
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(a) 


ij /llo\» /Mo\ 


3 HaO • P 2 O 5 • 24 M 0 O 3 '• 27, 46 & 59 HjO 

(Gibbs^®*), Finkener®®’), Kebrmaim®®®), 
3 (NHj)^© • P 2 O 5 • 24 M 0 O 3 • (Hundeshagen®®*), 

(9— x)(NH 4)20 -xHjO -3 (P 2 O 5 • 24 M 0 O 3 ) (Gibbs), 

5 (NH4)20 • HjO • P 2 O 5 • 24 M 0 O 3 • 16 HgO, 

2 K 2 O • H 2 O • P20s-24Mo03 • 3 H 2 O, 

(3— x)Na20 • P205-24 Mo03 • (58 + x) H^O. 


P 3 O 5 • 24 WO 3 • 40, 59 and 60 HjO 

(Pechard®^®), (Gibbs®^^), (Sprenger®^®), 
3 (NH 4)20 • PjOs • 24 WO 3 • 20 HjO (Gibbs), 

3 KgO • P 2 O 5 • 24 WO 3 • 11 or 17 H^O (Gibbs), 

3 NajO • P 2 O 5 • 24 WO 3 • 22 H 2 O 

(Brandhorst and Kraut®^®), (Kebrmann®^®), 
NajO • 2 BaO • P 2 O 5 • 24 WO 3 • 46 H 2 O, 

2 NajO • P 2 O 5 • 24 WO 3 • 27 HjO, 

3 AgjO • P 2 O 5 • 24 WO 3 • 58 H 2 O, 

AgjO • P 2 O 5 • 24 WO 3 • 60 HjO, 

3CaO •P 205 - 24 W 03 - 68 H 2 O, 

3 BaO • P 2 O 5 • 24 WO 3 • 58,46 HjO, 

2 BaO • P 2 O 3 • 24 WOg • 59 HjO, 

BaO • P 2 O 5 • 24 WO 3 • 60 H 2 O, 

etc. etc. 

XI 


The Constitution of Clays 

The hexite-pentite theory shows the possible existence of a large 
number of aluminosilicic acids in the form of hydrates and anhydrides. 
Thus, if 

Si • A1 • A1 • ^i, 

is taken as the type, the following hydrates are possible : 


Si AI A1 Si 


II 1 f K 

HjSlS'i • Al • Al • Si) 

1 . 


Si IaiIai Isi 


HySi-Al-Al-Si) 

4. 


.1 I I 


■\ 


Al Al 


Si 


HJel^i • Al • iU • ^i) 

2 . 

,JI I I 


Si Al Al 


Si 


fl T I IT 
Hjg(Si • Al • il • Si) 


6 . 


I Si I All All Si 
’\/\/\/\/ 


Hj2(Si • Al • • ^i) 

3 . 


II I 


Si 


'\A 


AI Al 


Si 


H“2(^i * A • Al • ^i) 
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H® (Si • A1 • A1 • Si) H“(Si • il • A1 • Si) H»(& • A1 • A1 • Si) 


7 . 8 . 9 



H® (Si • A1 • il • si) H»(^i • A1 • il • Si) 


10 . 11 . 

Of the above hydrates or aluminosihcic acids, Nos. 3, 4, and 6, 
also 2 and 5, also 9, 10, and 11 are isomeric. If all the contained water 
is completely separated, the anhydride 

Si • a 1 • A1 • Si 

is formed. 

The above hydro-alumino-silicates may also contain a variable 
proportion of water of crystallisation,’’ the number of hydrates being 
thereby increased. 

Analogous hydrates — ^with or without water of crystallisation — 
may, naturally, be regarded as of other types ; by the complete loss of 
their contained water, these hydrates may form a corresponding series 
of anhydrides. The following hydrates and the corresponding anhy- 
drides thus become theoretically possible : 
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etc. etc. 


The^e substances have seldom, if ever, been prepared synthetically, 
though their occurrence in Nature is well known under such widely 
different names as ‘‘Minerals of the Allophane Group,’’ “Clays,” and 
“ Kaolins.” They have been formed out of the most diverse materials, 
such as micas, felspars, chlorites, etc., by removal of the base, hydra- 
tion and subsequent removal of the water under definite conditions.* 
These acids are seldom found in a chemically pure state, but usually 
contain small proportions of the original base. Hence some of them 
may, rightly, be termed strongly acid salts. 

Their formulae have seldom been calculated from analyses, 'as these 
materials have usually been regarded as ‘ ' mixtures . ’ ’ The formulae cal- 
culations of some minerals of the allophane group^^® (see Afpendix) 
showed that these substances are hydro-aluminosilicates (with a small 
lime content) of the type 

A 1 • Si • A 1 and Al • Si • Al. 

From the analyses, the following formulae were calculated : 

1. 0.6 CaO • 6 AI2O3 • 6 SiOa • 32 HgO, 

2 0.5 CaO • 6 AI2O3 • 6 Si02 • 38 H2O, 

3 . 0.75 CaO • 6 AI2O3 • 6 Si02 * 32 HgO, 

4 . 0.25 CaO • 6 AI2O3 • 5 Si02 • 32 H2O, 

5 . 0.75 CaO • 6 AI2O3 • 6 Si02 • 42 H2O. 


Part of the water present is in the foito of “ water of crystallisa- 
tion ” and part as ‘‘ water of constitution.” It is not possible to state 
a priori how much water exists in either or both these forms, but the 
maximum proportion of water of constitution” which is possible 
may be predicted on theoretical grounds, as in the two following 
structural formulae : 



II I 
/\/ 
Al|Si|Al 





Maximum of H2O-M0IS. 
(6) 


Maximum of HgO-Mols. 
( 5 ) 


♦ The various theories as to the origins of clays are described in the translator’s 
** British Clays” ^0® and ‘‘Natural History of Clay — A. B. S. 




rm: ojNsTrrr'no.v of ckavs 


im 

The detcrnunation of wiitrr [»re^<ciit nftor hi iititiK thuiw* i»« 

to a high tempcriiture f lii-ri'fori', fw of Viilm-. 

Kquiilly itit<*re.Ht ing in tho t Hh tilalion of flio formuhe of n. JiuiiilM'r 
of wusihed cduyi^ from tfif lUJHiyj'i'** fi»l#li"’h«'d iu fti i' hol s " t’olh ' 1< <1 
Analyses of MaterialH tisod in J’lnyworldng.” }(ulflidnd in IWd |hi-o 
Appetidir -* Clnyn,’ H«>< tion B), 

1’hc'«< iinalyM'H agri'o witli fl»< fhi-ory t)»ut u ntinilxr of liydro 
aluniinoKilicafeK miiy exit^t in whh fi tho n ratio 

within I'XtreiiH’ly wide limits, «» tfiaf tfw' hydro iihmuieeiih* uit-n 
themwlvf.H may he of Ihe jiionI irvidely varying natnre. 'I'lie aimly i t. 
indicate the foUovving nuh>tlaii« eH ; 

(tii hi ■ It ■ hi. 

(hi hi ■ H • hi, 

_hi 

if) fr'^hi 

hi 

ut) B-;.hi 

\hi 

if) hi * It ■ H ■ hi, 

t/i hi • It • n ■ hi, 

Uj) hi ■ It • hi • It ■ hi. 

fAj hi • it ■ hi ■ It -hi, 

(i) hi ■ It ' hi • It ’ hi. 

More aernrati* « alriiJjjit j«nin of i|io foriiiiihi’ from iitialy«*'«» hy th«* 
game inviwfigiitor («••• f’lttyM.' K«<t;ii<iii t!j gave the follow- 

ing: 

I. B.fi ( 'a<> • M* H,t » . 3 It/l, . If, hiO, / ft Hi i 

hi 

II. K,t> > Hf.Tri II, f» (5 it,ff, • 13 hill, 1, * fli:,ihi . n ft h.jf, 

I ^ aoltir K n 

m. tj.fi it*o • ifi.fi H,t( I) 11,11, . HI hio, ■ It ■ hi ■ I'i • .sj 

• r» H,«h 

IV, i).r, ( 'tiU • lit fi 11, 1) . « K,i), • HI hill, ■ - H«,f ,(hi > It - hi It * mj 

VIII. If,.’-. K ,0 ■ H r, II, M ■ r» . Hlhitl, Hi,K*(.hi . Al • hi A1 ' hi». 
IX, n.fi K,0 • ».f* If, 1 1 . « lt,« ♦, ■ If* hiti, Ii;,lv»shi • It • hi < li - hn. 
Xll. B.t'fi K,(> • t * 11 • l« hitf, llVh» ■ It * hi * It • hi| 

I ^ m$$m E.|, 

xiii. 13 II, tf . n it,«>a > iM hitf, II j,rh, . « ku 

XV. lt> 11 , 0 . r, H,(|, . 13 htfl, « It . R . ill) . H,l). 
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THE CONSTITUTION OF CLA\’S 


Thcso c'ompoundH contain only very .Hnial! {)n»poiti<»n!^ of ha«f and 
may, thcrtsfowi, ho rc'gardcfl an hydro-aluininoHjlicatcjj. 'Ihc « orinfitu- 
tional formula! * suggosted art* only tciitaliv<> ho far an their water 
of coriKtitntion ” is <-«>n<'(*nu'd ; it. ia not inijjoHMihlo that in wane of 
them a part of what i», above, included tmder the term “ water of 
constitution ” may, in reality, he in the hirm of “ wafer of crystallisa- 
tion.” 'Fho only means of ascertainitig this is to make determinalkmH 
of the water loft after heating the substances to various high temjHTn- 
tiires. 

Further formuhe calculateti from tlu! analyses of the foregoing an<J 
other (!layH will show whether the other theoretically ptwsihlc hydro- 
aluminosilicatcK are known to occtir in Nature or tti have licen prepared 
artificially. 

According to the autliors’ hc.\ite-pentife fhcf*rv, clays must hai’e 
the propf*rtiics of arhh. 'fhe following equal ion rcprcwiifs the a« firm 
of sodium carhonaUs : 

Hi ' A1 • Al ■ Hi i- ONujCOj - Xn;,(Si • Al • A1 • Sp f- fiCO,. 

According to Vernadsky*** haloid salts (Kl, Klir, ef«*.) decompose 
olays at mmicrato ami high fcmfieraturcs, with separation of haloid 
salts. 

The acidit;/ of clays is also shown by their inhale of formation in 
Nature. Thtsy are formed by the dei-omposition of alumiitostliratofi 
under the same conditions as hydrat»’S and anhyilri*les are formed by 
the decomposition of their salts. Thus, in Nature, the ilecomposition 
of simple silicates by t he act iem of water and earlamic wifi proditceti 
opals, and a similar deionijmsition f»f aluminosilicates producoa 
clays. 

The necessary constsf juenee of the hoxite-jsujtitethefjry —that clay* 
are single clicmical comjmiiiuls and not mixtures —is by nf» means new. 
Bo far as certain Alsatian fireclays are erm»erne«l, this eonelusion 
was rc!a<!hftd by (’. Mfmc in a prijti? essay published in in which he 
made th© following notfsworthy statoment : 

“ The clays used for the mannfaetnrii of firebricks are rompotmiia 
of Hefinit© chemii;al comjajsltion and are decompositi«»n pfralucls of 
rocks of equally definite eliemical eomf*»silion.'' 

This work of Mtee’s sppfsnrs to have l«!«*n fiverlooked, ainl many 
Modem scientists generally^ — though erronismsly - r«'gsrtl clays as 
mixtures of quartz, felspar and the Mo-ealled elaysub<*tance.'’ This 
highly mistaken view of the chemical nature »if clays is due to a 
ptseuliarity ptjsMjssed hy them, easily explicabkt in fhe light td th« 
hexito*p©ntit« lliwry, but <4hertt-is« fmly by assuming the esistem n of 
a definito “clay substance.” This peculiarity consists in fhe faft 
that, like all other aluminosilicates, clayn an drmmpoMHl at high 

* Thn liMritatllnn of lh« in ih»*»s formulis i» si fsnjkti 

la the isisr dmUoiw— on Ultnunsria", I'orysivi Ofamts, sad FstwrfsM 
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temperatures and by some concentrated acids, forming compounds of the 
most stable type possible, such as the following : 

1 . Si • A1 • A1 • Si, 

2 . Si • iU • • Si, and 

3. Sl • Al • Ai • Sn 

If, for instance, a clay of the type 

Si • A1 • ^i • A1 • S'i = 6 Al^Oj • 18 SiO^ 

is treated with concentrated sulphuric acid, it loses silica or silica 
and alumina, according to the temperature and duration of treatment, 
forming a compound of one of the three types just mentioned. 

This is also shown by the researches of 0. Bischof (see Appendix, 

‘ Clays ’ — D), who was one of the first to study the action of sulphuric 
acid on the following clays : 

1. m BO • 5 R 2 O 3 • 17 SiOj - aq., 

2. m BO • 5 B 2 O 3 • 16 Si 02 • aq., 

3. m BO • 3 B 2 O 3 • 12 SiO^ • aq., 

4. m BO • 6 R 2 O 3 • 17 Si 02 • aq., 

5. m BO • 3 B 2 O 3 • 15 SiOj • aq., 

6 . m BO • 5 B 2 O 3 • 18 Si 02 * aq., 

7. m BO ■ 6 R 2 O 3 • 12 Si 02 • aq. 

The action of sulphuric acid may be represented as follows : 

1 . 

2. Si • B • a • B • Si — ^ a • B • B • a, 

3. Si-B-^i _ ->Si-^-^-a, 

4. &-B-a-B-^i->S'i-B-B-Si, 

5. -> Si • • Si, 

\i _ 

6 . & • B • Si • B • & — Si • B • B • 

7. ^i • :R • ft • Si ^i • • Si. 

The above examples — ^which may be increased indefinitely — show 
conclusively that clays are really converted into the highly stable 
compounds stated. The alumina-silica ratio is approximately 1 
which cannot be a mere coincidence — ^and the supposition that clays 
contain a ‘‘ clay substance ’’ separable by acids — ^though erroneous — is 
a very natural one. 

Mellor and Soldcroft^®® consider that clays are decomposed by 
sulphuric acid in another manner, viz. With separation of silica and 
the formation of aluminium sulphate. This view is highly improbable, » 
as an almost constant ratio of AI 2 O 3 and SiOg has been found to the 
solution by nupierous investigators, and this constancy is the founda- 
tion of the theory of the so-called clay substance.” 
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THE CONSTITUTION OF CLAYS 


Forchhammer^^^ appears to have been the first to express any doubt 
as to the unitary nature of clays. He supposed that in sulphuric acid 
he had found a valuable “ solvent ’’ for clays and regarded that portion 
which entered into solution as clay ’’ and the remainder as “ un- 
decomposed felspar.” From time to time, doubts have been expressed* 
as to the value of the so-called “ rational analysis,” but the remarkable 
resistance of clays to strong acids is the chief reason why Forch- 
hammer’s conception of clay substance ” is still maintained, though 
modern chemists represent it by a different formula. 

Forchhammer’s theory of clays is now of merely historical interest 
and musf: be abandoned as inconsistent with the facts. 

[With it, the rational analysia must also be abandoned, at any rate as far as the 
usual interpretation of its results are concerned, f] 

There is, at the present time, no fact known which is not compatible 
with the unitary chemical nature of clays as opposed to the view that 
they are mixtures. 

[This statement must be taken to refer to “ purified ” clays, for many materials 
are commonly termed “ clay ” which obviously contain other constituents. Thus 
“ boulder clay” contains limestone and other stones, loams contain sand which may 
be removed by simple washing, and many “ clays ” contain rock-debris of a nature 
clearly distinct from clay. Unfortunately, some of these obviously “non-clay” 
jnaterials are in so fine a state that they cannot be perfectly separated by elutriation 
or similar mechanical processes. It does, however, appear to be true that, q^uite apart 
from the hexite-pentite theory, the essential constituents of clays are definite alumino- 
silicates.] 

Minerals of the allophane group are characterised by the ease with 
which they are decomposed by acids. Other hydro-aluminosilicates, 
including several clays, are only readily decomposed by dilute acids 
after they have been heated very strongly. The reason for this 
difference in the behaviour of substances which, according to the 
authors’ hexite-pentite theory, are analogous, can only be explained 
in the following manner : 

“ Disdynamised ” and “ Dynamised ” Compounds 

It has been shown, in connection with the tungstates (p. 95), that 
the presence of a base weakens the bonds in the ring-radicles of com- 
plexes* Thus, tungstovanadates with a small content of base are not 
decomposed by acids, but in those richer in base a precipitate of tungstic 
acid readily forms when they are treated with acids. The bonds 
between th§ ring-radicles of complex substances may also be weakened 
in diher ways, such as by an increase in the proportion of “water of 
constitution” or “water of crystallisation” or by subjecting the 
substance to a high temperature. 

Compounds in which the chemical relationship between the ring- 

* Seger investigated this subject and recommended it^ — under the title of “rational 
analysis” — for relatively pure clays, but found it imsatisfactory f or the clays used for 
the manufacture of bricfe, tiles, cement, etc. Brongniart and Malaguti®*® did not 
question the “ undoubted advantages of rational analysis,” but saw in the results 
obtained an imcertainty “ which compels us to draw conclusions with very great care.” 

t Additions and comments by the translator which cannot conveniently be in- 
serted as fooriaotes are printed in smaller type. 
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109 


radicles is weakened by these means so that the substance becomes 
readily decomposable by dilute acids, are said to be ‘‘ disdynamised ’’ 
in order to distinguish them from the “dynamised ” substances which 
resist the action of dilute acids. 

The reason why minerals of the allophane group are readily 
decomposed by dilute acids is now clear : in them the relationship 
between the silicon- and aluminium-hexites has been weakened by 
the presence of a high proportion of combined water. 

Clays usually contain only “ water of constitution ” ; on heating to 
vitrification they are disdynamised and then behave like the analogous 
minerals of the allophane group. 

[The vitrification point of a clay is that temperature to which it must be heated 
in order that sufficient fusion may occur for most of the pores in the clay to be filled 
with fused matter, yet without the material losing its original shape to any appreciable 
extent. In most clays there appears to be no single temperature at which this occurs 
to the exclusion of others ; the material becomes vitrified gradually throughout a range 
of temperature which sometimes extends over 400° C., though some clays vitrify com- 
pletely in a very few moments after the fusion of some of their constituents has com- 
menced. This property of vitrification is extremely important in the technical appli- 
cation of clays; further information about it will be found in the translator’s “British 
Clays, Shales, and Sands.”’®® It is, however, possible that this rantige, of vitrification is 
due to difficulties in maintaining a perfectly constant temperature for a sufficiently long 
time. If, as Doelter has suggested, the vitrification point is definable as that at which 
fusion is first observed to commence, and if, further, in accordance with A. Stock’s 
investigations, which showed that the vitrification point and the true melting point 
of a silicate are identical and that vitrification occurs on heating perfectly pure crystal- 
line chemical compounds, then it shoxxld be possible to produce a completely vitrified 
mass by maintaining the material for a sufficiently long time at the lowest temperature 
at which fiision can be observed to occur. The cost and difficulty of doing this with 
reasonably large masses of clay are very great, as the conductivity of the material is 
so low, but so far as the translator’s own experiments go, and in so far as he has been 
able to find other similar experimental evidence, there are good reasons for believing 
that the apparent range of vitrification or of fusion is merely a result of the extra- 
ordinarily low conductivity of clay and of the high temperature at which fusion occurs. 
Could clays be fused at temperatures as easily observed as those used in studying the 
melting points of many organic compounds, there is great probability that pure clays 
would be found to have a sharply defined melting point. As it is, the only nieans of 
effecting vitrification or fusion within a reasonably short time consists in raising the 
temperature considerably above that which would be necessary if time were no con- 
sideration. In other words, the term “ range of vitrification ” indicates a preictical 
experience even if it may lead to the erroneous assumption that clays difier from 
other definite chemical compounds in not having a sharp, well-defined melting 
point.] 

In order to understand the nature of the state of disdynamisation 
produced when clays are heat^ to vitrification, it is necessary to 
assuip.e that oxygen has two kinds of valency — primajcy and secondary 
— and that the bonding of the ring-radicles is due to both the prii]|ary 
and the secondary valencies of oxygen. If the proportion of b^Be or 
combined water in the compound is increased, the secondary valencies 
are set free either partially or completely according to the propQrtion 
of base or water. On increasing the temperature, the bound secondary 
affinities are also partially or completely liberated, according to the 
temperature to which the substance is heated. 

It is conceivable that as soon as the secondary valencies are set 
free, a looser bond must exist between the ring-radicles of the complexes 
concerned. 
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CONSEQUENCES OF THE H.R THEORY 

At the vitrification temperature, the nascent secondary oxygen 
valencies of the disdjmamised clay molecules at once begin to be 
liberated, and this may readily lead to the formation of polymerisation 
products. If the temperature increases, the liberation also increases, 
and when it is complete the whole of the material is reduced to a 
molten state. It is clear that as the temperature rises, the polymerisa- 
tion increases, and this is, necessarily, followed by an increase in 
density. When the mass is completely fused, the point of maximum 
density will have been reached. 

[Some highly interesting investigations by R. Rieke^®'^ on the temperature at 
which certain clays lose their “ combined water ” are worth special attention. This 
investigator followed Le Chatelier’s observation that if a sample of kaolin is slowly 
heated there is a point at which the temperature ceases to rise for some minutes, after 
which it again rises steadily. If the temperature and .duration of the heating are 
plotted as ordinates and abscissae, the graph produced will show a marked flattening 
about 500° C. Rieke examined 10 kaolins, 8 plastic fireclays, 6 non-refractory clays 
(red-burning), and 2 shales, and in each case he found that a marked absorption of 
heat occuiTed and was shown by the flattening of the graph at a temperature of 500° 
to 580° C. The purer the clays, the more noticeable is this break in the rise of tem- 
perature. 

In clays containing much free quartz the absorption of heat is obsoiired by the 
reactions which the quartz undergoes at the temperatures mentioned, and the more 
complex graphs of the impure clays may be further affected by the reactions of other 
compounds present. 

Rieke also found that the loss of water corresponded to the flattening of the heat- 
ing curve ; a notable evolution of water commences at 450° C., and almost th© whole 
of the water is removed at a temperature of 550° to 600° C., though for its complete 
expulsion prolonged heating at a higher temperature appears to be necessary. The 
rate of evolution of water is not regular, and diminishes rapidly when most of the 
water has been removed. It is increased by reducing the pressure of the air surround- 
ing the clay. 

Mellor and Holdcroft’®® have independently confirmed Rieke’s observations with 
respect to china clay, and have concluded that the “ china clay molecule ” must have 
its OH-groups placed symmetrically. They accept a slight modification of Groth’s 
formula,* viz. : 



HO HO 


More recently, Mellor has examined crystalline kaolinite in a "similar manner and 
finds its behaviour is identical with that of the purest Cornwall china clay. 

Unlike the authors of the present volume, Mellor and Holdcroft <x)nolude that the 
“ clay molecule ” is decomposed into its constituent oxides — alumina and silica — at 
500° C.,t and consider that the formation of sUlimanite at higheif temperatures (1200° C.) 
is a confirmation of this in accordance with the equation : ^ 


AlgOg -f SiOa = AlgSiOg. 


They agree that polymerisation of the alumina occurs (with eyolution of heat at 
800° C.), but have published no formula for the polymerisation-product. In other 
words, they regard the latter as though it were the sim|)le non-polymerised subfflbance 
when (according to them) it reacts at 1200° C. with the^ silica to form sillimanit©. 


* The views of the authors of the present volume to the distribution of the 
OH-groups are described at greater length in the later sections— on XJltrarnaime, 
Portland Cements, and Porcelain Cements — and the following formulae are also criti- 
cised on p. 116. 
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W. PukalP^® has suggested the formula : 

OH 

HO ' Si • O • O • A1 • OH 

HO • Si • O • O • A1 • OH 
OH 


and in opposition to all other writers indicates a double bond between the silicon 
atoms. Prom what has been stated on previous pages, however, the bond between the 
silicon atoms must contain oxygen. The view that a direct connection exists between 
the silicon atoms is also held by Simmonds’’^^, who studied the action of hydrogen at 
high temperatures on lead meta-silicate, to which is usually assigned the formula : 


<o°> 


He reached the conclusion that both oxygen atoms cannot occupy similar positions, 
and suggested the following formula for this silicate : 


Si Si Si ~ 


o<-\ 

E— i i— K 


Simmonds thus suggests that the silicon atoms are connected directly with each other 
and not through the medium of oxygen atoms. Manchot and Reiser’ were unable 
to confirm Simmonds’ observation on lead silicates, and rightly argue that silicon 
compounds in which the silicon atoms are directly connected with each other must 
evolve hydrogen when treated with hydrofluoric acid and then with alkali, yet this 
reaction never occurs with the silicates now under consideration. Manchot’^® uses 
this argument in criticising Pukall’s formula, and adds that such a double bond would 
imply that kaolinic acid would be more easily decomposed by alkalies than by other 
silicates with a single bond, whereas kaolinic acid is very resistant to alkalies. 

Singer’** has also criticised Pukall’s formula unfavourably and has pointed out 
that a double silicon bond, like a double carbon bond, is a source of weakness in a com- 
poimd rather than one of strength. 

The re-combination of water with the dehydrated kaolin is also of interest as 
throwing further light on the constitution of the molecule. Mellor and Holdcroft {l.c.) 
found that even in an autoclave at 300° C. under a pressure of 200 atmos^eres the 
dehydrated china clay only absorbed 2*5% of water. Rieke found that a Bohemian 
kaolin, which had been heated at 500° C. until all the water had been removed, could 
only be made to re-combine with 1-1% of water. The very small proportion of re- 
combination which occurs is a further proof of the remarkably high stability of the 

anhydride Si • A1 • A1 • Si, as pointed out by the authors of the present volume.] 


Burning Clays 

[“ Burning ” is a term used to indicate the heating of articles made of clay under 
industrial conditions in kilns or ovens in order to give them the characteristics desired 
in pottery, bricks, tiles, etc. It differs from simple heating (or calcination) in that the 
clays have been formed into articles of the desired shape and in that the heating must 
usually be prolonged and the rise in temperature must be very slow so as to avoid the 
s|:^ttmg and cracking of the goods. 

ThjB explanation is necessary, as the shape of the articles and the speed of the 
heating are important determinants of the character of the heated material. ' In 
“ burning,” clays are never supposed to be heated to such an extent as to cause them 
to fuse sufficiently for loss of shape to occur. When this happens they are “ over- 
timed.”] 

So long as clays arejsgarded as mixtures of quartz, undecomposed 
felspar and “ clay su'bstance,” no satisfactory explanation of what 
occurs diming the burning is possible. The great difierence in the effect 
of dilute acids <». raw and burned clays makes it obvious that some 
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■CONSEQUENCES OF THE H.E THEORY 

definite ehamic’iil renetionn must oeeiir during tlie burning. Tlie nature 
of these reaetions has, hitherto, been inexplic'able. From a mixture,” 
all kinclH of simple and <h)uble sallH might, be fr-.>ritii.*c..b mid these c‘armot 
be adequatcdy ctxamined. Yet a eorrec-t iinderstiincling of the Inirriing 
process in not onl}* of acadcnnic valu«% but of great practicail impi »rtiince. 
Hence, the hexite»j.Mmtite theory shoti Id Im of greiit iissistaiica* in in- 
dicating the chemical reactions whieli take place rm burning. 

These rc‘ae,tionH may he .stat-ial in terms of the liisdyiiiirnisiition 
Theory (p. I OB) as follows : 

1. On heating a <vlay to %dtriricait.ioio part of or iil! the “ wiifer of 
constitution ” is evolved. Siaamdary viilencies of some of the oxygen 
atoms are set free, but t/re rZ/a/ itself rrPibe*? unitiiftj thrmieul nmiM'm 
and in md dmcmiptm^d inta Um mnniitui ni o.f idrM, 

2. If the temperature exi^eeds that nf*r‘esHiiry for vitrification, the 

free valencues lila^rate themselveH mid polymerisutifiii prodiictK, 

ilw clays eventually fusing either part ially cir completely. Htuice fused 
cdiiyH must possess prf»peiiieH ehernically ditliTiU'it from those which 
have bemi merely vitrified. The density of fired rliiys iiiitHi also Imi 
liiglier than tlmtof vitrifiial idays. 

3. Vitrified clays must t.a-* mr'»re easily iittiickial by iicids lliiin un- 
vitrifie'd ont*s, 

prhk h tW4tm'*n% m 

[In ihm flei *4 viirife^U rjayn In tlei mmm%- 

facsiue^ of fni4 in th«^ fton.»f.fnrti«iri *4 npplmnmm r|,*%| tn wlileli i^icln 

net tiw*rl i.« imnoriiint. C a’lifml m'f llrst .iwiiflil# t«» m uiin* 

fratlitiilfin 0* tii« icitbcei* in Ihiis m *4 rimy whieh 

hm t**mi ar*'* ummlly binnU U* Oi ill 

lioitk axtuifti hyilnaliinrif?. 

Ir iM iiretmfilr’. lliiii p4*lym*mmtrm i»ii4 ifiit* «f thmm 

find fff hmmi *if a hlgldy r#^of#nf. ri#*lurir^ triny tm tim r»f iIiiji iiti«t»|y, 

Ihn tenn ** vitrilli»«i ** tiwnl in fh«’» fwnng O* tmirr Oi Imvii 

only Imnm t«f tlir* |«iwr«r ni iivlnrli %'ilfif|r#ite*n mMt |w«$lily 

and ti*4 t4i ft ea«ff«*rfUnf« «ii wlnrli |#r4ynK-*roftln4i mpa e«rinwl. If tliW in 

ihit filial i^ifl t|i« di»*lyn.ftmic **n #if i-wati.fil fmkm, the 

ftp|mr*ait iMiniiiiily m dmirt>ymt mid t-li*'? #iiit|is»#'%' IrnTtiiiic# nfiiiffirfiimlilft l« 

The obwjrvat imiH «*f Mflhtr ni»l UnldiTufl’"* nntl cifhtTM ^hnw that 
clay wliich Iia« t»» « «rj<rtrtiii t«*rnp<T«f uri* (in iifi-nnlanw* 

with th« theory) mem; n*«dily iittnt!k«-il hy iiridM thnn tlmt whu h hit# 
not betsn hpntod. It in id«o a widhknown (not thnt nn fnrthfr hunting 
at a Htill higher t<‘m|>crat«rf a mntcrial in prmhu'i'd whioji ih rpwMtant 
to amda (in contradiction to the theory). Such {K^tynicriNaiion j.h 
oceur« will, however, make the h«‘ated tiSy ri*ci»*lant t«» acidK. In tIuH 
connection it must Im» rememla’red that the iiolyoicriffation hronght 
about by di«dynftmi»Mition i« itwdf a dynamiHatioii and mt increaxea l he 
reHistance of the material to chemical influenrew. The rim* of tetnja'ra- 
tur«« can, in fact, only have a eompleie diwlynamie aetion alien tio 
fwdyraeriaation micura. Thia foGt wm overkaiketl by the antlnira until 
it waa pointed out to them by A. II, Searb% and thia overeight ia the 
cauae of IImi erroneous coneluaton reached in f’oneetjuenee 3 of the 
theory. 
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4, The so-called decomposition ” (p. 107) by concentrated acids 
is merely a disdynamisation. 

The observation of R. Rieke that, on burning clays, their tempera- 
ture does not rise steadily, but remains constant for a long time, not- 
withstanding the increased temperature of the kiln, may be explained 
in terms of the new theory if the constant temperature occurs at the 
sintering point of the clay. 

The statement made by Desch that clays heated to 700° can easily 
add calcium silicate, calcium aluminate, or calcium hydrate may be 
explained by the new theory of burning stated below. 

The behaviour of the silicate molecule towards acids also depends on 
the number of aluminium hydroxyl groups in the molecule. This must 
always be borne in mind when studying this subject, and is therefore 
dealt with exhaustively in the following chapter. 

There can be no doubt that the rise in temperature exerts a dis- 
djnamising action on clays, and that in consequence of this action 
molecular changes are produced in addition to such polymerisation as 
may occur. This is particularly the case with kaolin, as will be seen on 
reading the following chapter. If the theory is extended in this 
manner it will be found to be in complete agreement with the observed 
facts. 

It is not then necessary, as Mellor and Holdcroft suggest, to 
assume that, on heating, clays are decomposed into free silica and 
alumina and that a re-combination of these oxides occurs on further 
heating. 

The investigations of Richter, Bischof, Jochum, Rieke and others 
have shown that the fusing point of clays is greatly influenced by the 
impurities, such as quartz, alkalies, etc., present. A theory of burning 
to be satisfactory must take this into consideration. 

This consideration of the burning process may be allowed to suffice 
as an explanation of the decomposition of shghtly heated clay by 
acids and its greater resistance after heating at a higher temperature. 
At the same time, this theory of burning leads to no conclusions 
with regard to certain properties of kaolin which are described in 
the following chapter. It may, therefore, be necessary to modify 
the application of the Disdynamisation theory to burning, as 
further facts are observed. 


The Isomerism and Polymerisation of Kaolin 

From the formula 6 HgO • 6 AI 2 O 3 • 12 SiOg (kaolin) two isomeric 
substances may be formed. * 

♦ If a rule i» made to name the central core first and then the side chains, the 
acid A may be termed di-hraZum'mo~d4-h-8ilicic acid, and the acid S d/L-hrsiUco-di-'hr 
acid. Hence the salts of the A-acid and all silicates with a central alumimum 
core may be termed alimdnoaiUcatea, whilst the salts of the /S-acid and all compounds 
with a central silicon core may he teinoaed ^Uwaluminates. 
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A number of derivative« of thcKc; tw oa<:id» in which pcntites ro place 
hexites are theoretieallj’ poHHible : 


I Si I A1 Al I Si I aud 

V Y" 

A'. 



I Al I Si j Si I Al I 
“\/ \/” 


I 


I 


S'. 


J ...AA i 1... An A . i 

— Y Si I Al j Al Si y- and — ^ Al • Si | Si j Al - 

' I I W I 

II II 

A". S'. 

In accordance with the foregoing nomencktun* thei»i) acidw may be 
termed ; 

A' IH-p-alumimMli-h-nUkk arid. 

A" Dkh-aluminodi'ji-Milkk ncid. 

g' t)i-'p-9ilim-Hi-h’tilmnink ncid. 

S" , . , . . Di-h-Milkjthdkjt-nlumink. acid. 

The acids with central aluminium rings u»ay shortly termed o- 
hadinic acidc, and those with central silicon rings as c-kmlink mkk. 

Two, three or more molecules of the acids A, A\ or A" and of the 
acids 8, S' or 8" may lojw certain molecules of water ajjd then unite to 
form polymerisation pnxluets. nius, the following comjKiunds ar® 
poasibki : 
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On polymerisation, separation of water can only occur in two 
analogous rings, as in the centre of the S '2 or the side rings of the S "2 
compounds. 

Between the a- and ^-kaohnic acids and their salts there must be a 
genetic relationship, as they can be converted into each other. This 
transformation may be represented as follows : 


I. Conversion of the a-kaolinic acid into 5-kaolinic acid : 



o-kaolinic acid. 


O’kaolinic acid. 


Si I A1 I A1 I Si I 

y\/- 

a-kaolmio acid. 


4-kaolinio acid. «>kaolinio acid. 

n. Conversion of the »-kaolinic acid into a-kaolinic acid 


I A1 1 Si 1 Si i A1 I 


«*kaolimc acid. 


I A1 1 Si I Si 1 A1 


«-kaolimc acid. 


A1 Si Si A1 


^-kaoHmo acid. 


d-kaolinic acid. 


a-kaolmic eudd. 
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In an analogous manner the 'polymerised a-kaolinic acids may be 
converted into polymerised 5-kaolinic acids and vice versa. 

In the chapter on Ultramarines and Porcelain cements two kinds 
of hydroxyl groups in kaohnic acids are described : termed a- and 5- 
hydroxyls, respectively. The former — ^the hydroxyls of the aluminium 
rings — ^are acidophillic, and the latter — ^the hydroxyls of the sihcon 
rings — ^are basophilHc. The kaohnic acids — ^both simple and poly- 
merised — ^appear to contain more ,5-hydroxyls and less a-hydroxyls ; 
the 5-kaohnic acids, on the contrary (both simple and polymerised), 
contain more a-hydroxyls and less ,5-hydroxyls. 

These variations in the number of a- and 5-hydroxyls of the a- and 
5-kaohnic acids must result in these acids having a different relationship 
to other acids and a different solubihty in acids. The more a-hydroxyls 
a-kaohnic acid contains, the more soluble must it be in acids, or in other 
words, the s-kaolinic acids must usually be more soluble in acids than 
the analogous isomers or a-kaolinic acids. 

As the degree of polymerisation must diminish with a-hydroxyls, 
it follows that, coeteris paribus, the polymerised kaolinic acids must he 
less soluble in acids than the non-polymerised ones. From the theory it 
follows that the anhydrides of the a-kaolinic acids have the lowest 
degree of solubility in acids, and therefore the greatest resistance to 
acids . If the plasticity of clays is a function of the water of constitution 
(see p. 65) it follows that : 

1. The a-kaolinic acids can generally have a higher degree of 
plasticity than the 5-kaohnic acids, as the former contain more water 
of constitution. 

2. The polymerised kaolinic acids have, coeteris paribus, a lower 
plasticity than the non-polymerised ones. 

The a- and 5-kaolinic acids must also differ from each other in 
physical characters, such as density, resistance to reagents, etc., as 
well as in chemical structure. There is another interesting consequence 
of the new theory as apphed to kaolinic acids : — ^In the salts of the 
kaohnic acids, such a compound as 

I II II I 


8 NagO • 6 AI2O3 • 12 SiOg, 

Normal sodium «-kaolinate. 

must have the sodium united to the sihcon ring (i.e. 5-sodium) 
more strongly than the a-sodium attached to the aluminium ring ; 
i.e. in this compound half the sodium must be more strongly united 
than the remainder. It is also probable, on a priori grounds, that this 
sodium salt will behave differently towards different acids ; the 
stronger acids can remove the whole of the sodium (both a- and 5 - 
sodium), but the weaker acids can only remove the a-sodium. 
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Tlie Hexite-Pentite Theory and the Facts 

The available experimental material is in entire agreement with 
the theory developed in the preceding pages. In this connection the 
work of {a) W. Pukall’^® and (6) Mellor and Holdcroft’®® on kaolinisa- 
tion is of special value. 

I 

The Study of Kaolinisation by W. Pukall'^^® 

W. Pukall has endeavoured to prepare kaolin synthetically, and 
from a mixture of 18*75 of quartz, 24*38 of aluminium hydrate, 150 of 
caustic soda and 75 c.c. water heated in a silver crucible until the 
mass became stiff, he obtained a product which, on washing, yielded a 
white, crystalline substance which melted at Seger cone 7 (about 1270°), 
i.e. the temperature at which salt glazed ware is glazed. 

Zettlitz kaohn or English china clay when melted with ten times 
its weight of common salt at 950° C. evolved water and hydrochloric 
acid and combined with sufficient soda (28%) to be comparable to 
Na^O * AI2O3 • 2 SiOa- Both these kaolins are converted into a crystal- 
line substance. 

Multiplying the formula just mentoned by 6, the following com- 
pound: 

6 NagO • 6 AI2O3 * 12 Si02 * 12 H2O, 

is formed ; it may be the salt of either an a- or an ^-kaolinic acid. 

From PukalFs investigations it appears highly probable that the 
salt he obtained is a polymerised sodium 5-kaohnic acid of the following 
formula : 


• 12 H 2 O 


6 NagO * 6 AI2O3 • 12 SiOg • 12 H2O. 

As the ratio AI2O3 : SiOa in the salt obtained by Pukall is the same 
as that in kaolin, he endeavoured to remove the Na20 and to obtain 
the free acid, i.e. the “ kaolin.” For this purpose he used two methods : 
by treatment with (a) carbonic acid and (6) hydrochloric acid. The 
results of these two experiments, whilst in agreement with the H.P. 
theory, were quite different : the carbonic acid, as a weak acid, only 
removes the a-sodium and converts the Si-hexites into pentites ; the 
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hydrochloric acid, as a strong acid, removes the whole of the a-sodium 
and half the s-sodium, as may be seen from the following : 


o. The BEHAViotTB of PmEAnn’s Sodium s-Kaolinatb towards 

Carbonic Acid 

The sodium di-s-kaolinate (6 NajO • 6 AljOa • 12 Si02 12 HaO) 
of the above-mentioned structure was heated in a Soxhlet’s apparatus 
for 264 hours with carbonic acid in order to remove the soda, and by 
this means Pukall obtained a substance corresponding to the formula 



• 12HjO 


2 NajO • 4 HjO • 10 SiOj • 6 Al^Oa • 12 HgO. 

The analyses made confirm this formula ; 

NajO HjO AlgOg 


Calculated 7.63 17.76 37.68 

Found 7.10 19.95 37.49 


SiOa 

36.94 

36.82 


The carbonic acid converts the Si-hexite into Si-pentite as already 
described. The feebly acid carbonic acid can only remove the acido- 
philhc aluminium rings, and not the strongly basophilHc Si-rings. 


6. The Behaviour op Pukall ’s Sodium 5-K!aolinatb towards 
Hydrochloric Acid 

PukaU also endeavoured to remove the Na^O in the sodium salt 
above mentioned by means of a stronger acid, for which purpose he 
selected hydrochloric acid. The sodium salt dissolves in this acid 
and is obtained, on treatment with ammonia, in the form of a 
voluminous white precipitate corresponding to 




(RjO 4 HjO 12 SiOj 

O.SNajO 0.6 (NH*)*© 12Si02 

... 1.77 1.48 41.16 

... 2.16 1.26 42.07 


6 AljOg)* 32 H^O. 

6 AljOg 20 HjO. 

34.99 20.68 

36.33 20.00 


Calculated 
Found . . . 
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Pukall did not detiTmiru' tlw uroporttun of Nn ,0 uii«I (Ntl *|,0 and 
suegestfd the following foririulii : 

'’“66 nttit At it :*HjO, 


3 11,0 


(Silculated Ittfi# 

Pound 


A1,0, 

:tt}.M3 


43.47 

42.07 


The hydrochlork: ncid, Iwing ii strong nrid, ri>movi-tt fr«*in the 

sodium salt, yet a nmull urujtorlioii t»f the liuw' still ri'iiittiisM. It i« 
probable that the hydriwhlorie aeid rem«»ves half tin' « Mtaliuni ; the 
remainder Iwiiig replneed by Nil,. 

IthaHidnwlv laea shtiwii thiti the ehemieid mid iihy-ienl pro|H rtieH 
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II 


The Study of Kaolin by Mellor and Holder oft 


Mellor and Holdcroft have studied the structure of kaolin by 
means of the purest china clay obtainable, this kaohn having a com- 
position approximating very closely indeed to the formula : 

Al203-2Si02-2H20. 


The result of their investigations leads to the conclusion that in all 
probability china clay is an a-kaolinic acid with a structure represented 
by the formula * : 



2 H2O • 6 AI2O3 • 12 SiOa • 10 HgO. 


This a-kaolinic acid is converted on heating to 500-600*^ C. into a 
derivative of 5-kaolinic acid, as shown in the following diagram : 



At a higher temperature (800-900® C.) the 5 -kaolinic anhydride is poly- 
merised with a liberation of heat, and at a temperature of 1100-1200® 
the polymeric anhydride of the 5-acid is converted into a polymeric 
anhydride of the a-kaolinic acid with absorption of heat. 

In this way the genetic relationship between the 5 - and the 
a-kaolinic acid previously discovered by Pukall is confirmed. 

The changes just mentioned are based on the following con- 
siderations : — 

1. The heating curve plotted by MeUor and Holdcroft for pure 
kaolin shows, at temperatures above 500® C., a reduction in the rate 
at which the temperature rises, and this is doubtless due to the occur- 
rence of an endothermic or heat-absorbing reaction. At 900® C. a 
feeble exothermic reaction occurs, and between 1000® and 1200® another 
strong endothermic reaction takes place. These three “critical 
temperatures ” are due to f : — 

(a) The conversion of the a-kaolinic acid into the anhydride of 
5-kaolinic acid. 

(b) The polymerisation of the anhydride of the 5-kaolinic acid. 

(c) The conversion of the polymerised anhydride of the 5-kaolinic 
acid into a polymerised anhydride of the a-kaolinic acid. 


* Mellor and Holdoroft’s formula is given on p. 110. 
t MeUor and Holdcroft’s interpretation of these results is given on p. 122, 



MEU/)K h iroIJK liOI FH KXI’KHIMKNTH ON KAOLIN m 

2. If thifi <4 tL<’ « kjitilini*- mill JuJn iu» «iih.v<iri»U’ <»f 

the s-ktt«Iinie juijI rr«i!y t iih" }4i»> •’ »t n >4 .’»*»» (J. 

as stated nlK>vi*, it that th** jtnrtlu* l l*y hnaiinj* kiHiIin 

to this t«'i«}aTnlnri‘ hiu>»1 \h' in«*ri’ fradih •ndtildi" than thi’ Jinymal 
kaolin. This mtifi-quinw uf the H I’. th«'i>ry hiM4 

indci>»‘nd«'iit!y an«I I’SjM’rifin'iitaUy «<«ntir»iw»I l*y .M«dl«»r an«l Jfidih roH, 

who found that the didiydrati'd kiodm is nmri’ artivi' tfuiu th*- hsudin 
from which it was j»ri'|ii»n*iL and its nxlithility in a«»>u»', hydim idunr 
and iiitrio acids is grenlrr than tiwii uf llw iinhurn* *! kaolin, 

It is probiibk* ihid thi' iinh>dri«h' «>f thf s kaohnn- fornn d at 
600** C. Ix'comcs partiaUy hyrlrat* «I »fh«’n under iIm> intliu'io c «4 t!i»'«ii 
acids, and the a«*id»»|»hdln’ OH Kroiijis (the u>OH yroinwi thwi foriind, 
and twice as mimerfriis as the ttH Mfou|*s in the n kanhnu a« id mo|«' 
cule, will make the prniltirt tn«>r«’ »d«tw!y rohiteil tn ii»iil« arid will 
simultanemisjy iiicri’ase its wdiihihty in arids. 

3. A gbriee at ilu’ struetund forniuht* »4 lh» »iiii|d*’ and jmly 
merist'd n- or «-ka*dinir lu id** HhoWf, that : — 

{a) The j»olyitierise«l Miihy«Iri«i«’;i »4 lli*’ «■ awl * kii»4iiii« arnls must 
have a grrmter resistnnri' t«i is»i«ls than th*»w «hi*h are n«4 j»o!y 
merised. 

(b) The greatest resistanee ii» aeids fiuist Is' slwwti hv the anhy 
drides of the ja>Jymerise«| rj-kaolitne neirls, awl 

(c) The *-kao!iriie aeiils and their 8iihvflri«|eH iinist s|ilil off nltirtiitia 
more readily than silica, when trcate«l with acids. 

Thcsi* consequences <4 the It t*. theory are all tmttHrtnril l»y Mellor 
and Holdcroft s e*ja*rrments ; the hdlow mg laniig of Sja>cial mterest 

i 4 ^ It t ■ It t i t i ... 4a i ... & . . .... .. 


Mifi tiiliili’il *4 fi.ir lm«i 
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It will b© observed that the solubility of the alumina in the china 
clay after beating to 600° is only slightly higher than that in the clay 
heated to 100°, It appears as if the conversion of the a-kaolinic acid 
into 5-kaolinic acid commences at this temperature. At 700° there is a 
notable increase in the proportion of soluble alumina ; at higher 
temperatures the solubility of the alumina appears to diminish so that 
at 800° C, it is only 0-68 ; at 900° it is still lower, and, at 1000°, the 
solubility of both silica and alumina is very small. The solubility of 
the alumina in china clay does not agree entirely with the conclusions 
previously expressed (see Section I, p. 120) in which it was stated that 
the conversion of the a-kaolinic acid into the anhydride of the 
^“kaolinic acid occurs at 500-600° C., but the above Table clearly offers 
a general confirmation of the theory inasmuch as it shows an increased 
solubility in hydrochloric acid as the temperature to which china clay 
is heated is increased. 

4. The specific gravity of the ^-kaolinic acids must, clearly, 
differ from that of the a-kaolinic acids and the investigations of Mellor 
and Holdcroft have shown that this is the case, the specific gravity 
diminishing as the conversion of the a- into the 5-kaolinic acid takes 
place. The Table below shows that at 600° the specific gravity of the 
clay is distinctly lower than at 110°. 

At high temperatures the polymerisation which occurs and the 
formation of the polymerised anhydride of a-kaolinic acid must 
necessarily result in a series of increases in the specific gravity of the 
material. Mellor and Holdcroft have (without recognising the true 
nature of the compounds with which they were dealing) determined 
the specific gravity of the various a- and 5 -kaolinic acid derivatives, as 
shown in the following Table : 


Specific Gravity. 

2.616 
2.473 
2.469 
2.497 
2.560 
2.734 

Hence the various consequences of the H.P. theory as applied to 
the kaolinic acids are in complete agreement with the facts. 

Mellor and Holdcroft have endeavoured to explain the three 
critical temperatures (600-600°, 800-900°, and 1100-1200°), mentioned 
above, which are recognisable on heating kaolin, and the abnormal 
behaviour of dehydrated kaolin towards acids, on the assumption that 
(a) between 600° and 600° the substance loses all its water and is 
decomposed into free silica and alumina, (&) polymerisation of the 
alumina occurs at 800-900°, and (c) the free sihca and alumina re-com- 


Temperature. 

110 ° 

600° 

700° 

800° 

900° 

1000 ° 
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bine at 1100-1200°. This explanation of Mellor and Holdcroft’s is 
highly improbable, and is contradicted by their experimental results. 
Thus, the Table showing the solubility of kaolin, alumina, and silica 
which have been heated to various temperatures {supra) shows that 
at 700° only 0*98 per cent, of the alumina presumably set free from the 
china clay is dissolved, whilst 20-4 per cent, of the hydrated alumina is 
dissolved under similar conditions. To suggest that this low solu- 
bility is due to the alumina being in the nascent state is to make the 
whole experiment quite inexplicable, as alumina definitely known to be 
in this state has a still higher solubility. In any case, such a difference 
in solubility as Mellor and Holdcroft suppose is quite incomprehensible, 
and their assumption that the alumina from the clay is more readily 
converted into an insoluble modification than that existing when 
hydrated alumina is heated is untenable, as the difference in solubility 
is far too large. Moreover, such an assumption is unnecessary, 
because, as already explained, the hexite-pentite theory gives a much 
simpler interpretation which is in closer agreement with the facts. 

The hygroscopicity of china clay, alumina and silica which had been 
heated to various temperatures has also been determined by Mellor 
and Holdcroft. The values obtained appear to be in opposition to the 
assumption that china clay is dissociated into free alumina and free 
sihca at 500-600°. 

The hygroscopicity was determined by standing the materials for 
24 hours at 25° over 10 per cent, sulphuric acid and noting the increase 
in weight ; this was considered to be due to the water vapour absorbed. 
The following results were obtained by these investigators : 


Temperature. 

Percentage of water absorbed. 


China Clay. 

Alumina. 

SiUca. 

110 '* 

0.71 


18.35 

600 “ 

0.33 

9.80 

16.93 

700 “ 

0.31 

10.33 

15.34 

800 “ 

0.37 

10.75 

12.86 

900 “ 

0.34 

9.19 

3.96 

1000 “ 

0.04 

0.01 

0.00 


The low hygroscopicity of china clay compared with that of silica 
and alumina (600-900°) is extremely puzzKng if it is assumed that the 
clay dissociates into free silica and alumina on heating. But in the light 
of the H.P. theory this is readily understood. If china clay were to dis- 
sociate as Mellor and Holdcroft assume, the product should have a 
much higher hygroscopicity than it possesses. 

Another interesting investigation of Mellor and Holdcroft is their 
attempt to produce hydrous china clay from the dehydrated (heated) 
material. &mples of china clay which had been maintained for a long 
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‘"melting range” (like a heterogeneous naixture) it would be necessary to keep it for 
a sufficiently long time at the lowest temperature at which any fusion appears to 
occur. The time required is so great that the cost of such tests becomes prohibitive, 
but until they have been made it is not logical to assume that the apparent behaviour 
of clays is necessarily opposed to their being definite chemical compounds and not 
mixtures. It is, moreover, not impossible that the progressive decomposition of the 
molecules containing substituted elements may make what are really true compounds 
behave as heterogeneous mixtures, though the former suggestion appears to aSord a 
more probable explanation.] 

That a close relationship does exist between the melting point and 
chemical constitution of a compound cannot be denied, and this being 
the case, the following statements are direct consequences of the H.P. 
theory : — 

1 . Clays are usually kaolinic acids which have undergone a partial 
polymerisation. In the theoretically possible compound : 

II 


u 

18 HgO • 18 AI 2 O 3 • 36 SiOa, 



one or more hydrogen atoms may be replaced by K, Na, Ca, Mg, Fe, 
etc, ; one or more aluminium atoms may be replaced by Fe, Mn, Cr, Co, 
etc. ; one or more silicon atoms may be replaced by Ti, Zr, etc. By 
such replacements compounds would be produced containing very 
small 'percentages of certain elements which would, nevertheless, have a 
marked influence on the melting point. It is obvious that this influence 
must be different with different elements. Not only must bases have a 
different effect on the melting point from that exerted by acids, but 
the various bases and acids will vary in their individual influence. 
Hence, the melting point of the material will be affected according as 
K, Na, Ba, or Ca, etc. replaces one or more hydrogen atoms, and 
whether a portion of the aluminium is replaced by Fe or Cr or Mn, etc., 
or whether Ti or Zr is substituted for part of the silicon. 

Other variations in the melting point will occur according as a ' 
portion of the hydrogen, aluminium or sflicon is replaced by analogous 
substances. 

In all these cases the melting point is a periodic function of the 
atomic weight of the substituting element, i.e. there must be a definite 
relationship between the change in the melting point and Ifie atomic 
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weight of the replacing element. As the atomic weight increases, the 
melting point of the clay may rise or fall. 

2 . Clays and aluminosilicates have varying AI 2 O 3 : SiOg ratios. 
With any variation in the proportion of alumina or silica the melting 
point of the clay must also rise or fall. 

3. The melting points of isomeric aluminosilicic acids and of the 
corresponding salts must differ from each other. 

(See ‘‘ Basis and Ring Isomerism,” p. 63.) 

The H.-P. Theory and the Facts 

The available experimental evidence is not sufficient to prove 
completely the foregoing consequences of the H.P. theory regarding the 
relationship of the melting point and the chemical constitution of 
clays. Such facts as are known, however, are confirmatory of the 
theory. 

Consequence 1 (p. 126) 

It follows from the theory that the melting point of a clay must 
depend on the nature of the elements which replace some of the H, 
Si or A1 in the theoretically pure kaohnic acid or clay. Opposed to this 
theory is the law of Bischof and Richter’^® which states that ‘‘ equiva- 
lent amounts of fluxes have an equal influence on the melting point of 
any clay in which they occur.” 

[In order to obtain a numerical expression of this law, Bischof re-calculated the 
analyses of the clays he examined so as to show their molecular proportions, and 
arranged these as a formula of the type 

O • 0 AI 2 O 3 * 6Si02, 

in which the amount of base is constant, the two variables being the silica and alumina. 
Considering these variables alone, he suggested that the refractoriness of a clay might 
be represented by a coefficient or quotient (FQ). According to Bischof : 

a® 

Fire resistance Quotient (Bischof) FQo =-r*] 

" b 

According to this law, it follows that equivalent amounts of potash, 
soda, ferric oxide, etc. should have an equal influence on the 
melting point of clays containing them. The following compositions 
of clays may be taken as an illustration : 

0.5 KgO- 9.5 HgO • 6AI2O3 •12Si02, 

0.5 Na^O • 9.5 HgO • 6 AI2O3 • 12 SiOg, 

0.26 KgO • 0.25 NagO • 9.5 HgO • 6 AI2O3 • 12 SiOg, 

10 H2O • 6.5 AI2O3 • 0.5 FeaOg • 12 SiOg, 

10 H2O • 5,5 AlgOg • 0.5 MngOg • 12 SiOg. 

These contain the same amount of fluxes, viz. 0*5 molecules, and 
should all have the same melting point. Actual determinations of the 
melting points of these clays show that this is not the case. 



RELATION BETWEEN MELTING POINT & COMPOSITION 1£7 

In direct opposition to Biscliof and Richter’s law are the extensive 
studies of Jochum'^^® on a series of fireclays in connection with Seger 
Cones. The data obtained by Jochnm are summarised in the following 
Table : 


Ko. 

SiOa 

AlaOa 

FeaOa 

CaO 

MgO 

! 

NaaO 

Total 

Fluxes 

Eefractoriness 
in Seger Cones 

1. 

63.32 

44.15 

0.56 

0.28 

0.23 

0.51 


1.58 

36 

2. 

62.24 

43.43 

0.87 



0.32 

0.35 

— 

1.54 

35 

3. 

62.50 

46.22 

0.81 

— 

0.54 

0.50 

— 

1.85 

35 

4. 

62.74 

45.81 

1.00 

0.15 

0.05 

0.54 

— 

1.74 

36 

5. 

62.60 

46.25 

0.35 

0.47 

0.13 

0.32 

— 

1.27 

36 

6. 

62.33 

46.81 

1.30 



— 

1.43 

— 

2.73 

36 

7. 

63.11 

44.63 

2.34 

0.86 

0.65 

0.22 

— 

4.07 

36-36 

8. 

62.74 

46.00 

1.07 

— 

0.23 

0.24 

TiO, 

1.54 

35 

9. 

53.35 

44.13 

0.89 

0.28 

* — 

1.34 

1.11 

3.62 

35 

10. 

53.35 

43.36 

0.83 

0.24 

— 

1.43 

— 

2.50 

35 

11. 

61.46 

45.23 

0.55 

0.30 

0,41 

1.78 

— 

3.03 

35 

12. 

51.57 I 

45.70 

1.31 

0.86 



0.77 

— 

2.94 

35 

13. 

61.67 1 

45.90 

1.13 

0.24 

0.09 

0.60 

— 

2.06 

35 

14. 

61.90 

46.10 

1.14 

0.24 

0.09 

0.60 

— 

2.07 

36-36 

15. 

51.43 

45.57 

1.31 

0.89 

— 

0.77 

— 

2.97 

35 

16. 

65.00 

40.60 

2.86 


1.30 Di 

ff. 

— 

4.16 

36 

17. 

57.00 ! 

37.00 

3.66 

0.57 

— 

1.77 

— 

6.00 

36 

18. 

68.19 j 

39.37 

0.85 ' 

0.09 

0.41 

1.14 

— 

2.49 

34 

19. 

62.34 1 

40.11 

2.54 

0.25 

0.91 

3.87 

— 

7.57 

33 

20. 

52.92 ! 

39.16 

2.67 

0.18 

1.24 

3.55 

— 

7.54 

30 

21. 

62.48 

39.16 

2,55 

0.18 

1.23 

3.52 

— 

7.48 

32 

22. 

62.90 

38.40 

4.80 

2.40 

0.80 

1.00 

— 

9.00 

32 


A glance at this Table will show the invalidity of Bischof and 
Richter’s law. This is particularly noticeable with respect to clays Nos. 

7, and 8. The total percentage of fluxes in No. 6 clay is 2*73, in 
No. 7 clay 4-07 and in No. 8 clay 1-54, but the refractoriness of all three 
clays is the same (cone 35). Indeed, the clay with the lowest pro- 
^portion of fluxes (No. 7) has, if anything, a higher degree of refractori- 
ness than the other two. The figures in connection with clays No. 17 
and 18 are even more striking. Clay No. 17 contains 6-00 of fluxes 
whilst No. 18 contains only 2*49, yet the refractoriness of No. 17 is a 
Seger cone higher than No. 18, i.e. cone 36 as compared with cone 34, 
whereas, according to the Bischof -Richter law. No. 17 should be con- 
siderably more fusible than No. 18. In the case of clays No. 19 and 21, 
the composition is practically identical, but the refractoriness is 
different. 

[Seger’*® has pointed out that the Bisehof-Richter law is only applicable to cla37B 
containing a very small proportion of basic oxides, i.e. to the most Mghly refractory 
cla 3 ^, and that it is quite useless for second-grade fireclays and clays used for building 
purposes. 

Richter’®® found that the form in which the silica is present in a clay, i.e. whether 
combined or in the free state, has a profound influence on the melting point. Hence, 
as Seger has pointed out, the resistance of clay to heat does not depend on the com- 
position of the material as a whole, but on the compounds present in it and on their 
state of aggregation. This fact has been repeatedly confibcmed and is well kncwn to all 
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manufacturers of refractory goods. Indeed, the remarkable variations in fireclay 
deposits are a daily source of anxiety to those using them. For this reason, and because 
he regarded the, variety of minerals present in most clays as rendering abor^t^e all 
consideration of the melting point of any clay as a whole, Seger’^° insisted that it is 
first necessary to free the clay as far as possible from sand, silt, and other impurities 
by washing, and then to study the melting point of the purer product thus obtained. 
He therefore applied Bischof’s Quotient to that portion of the clay which is sufficiently 
fine to be washed out by a current of water flowing at the rate of 0.18 mm. per second 
(i.e. on the nearest approach to “pme clay ” obtainable on mechanical blutriation of 
a concimercial clay and termed by him “ clay substance,” but more accurately 
in the case of china clay by J. W. Mellor’®®, and pelinite in the case of plastic clays by 
A. B. Searle’®*). With this purified material Seger obtained results which agreed much 
better with the actual fusion tests. As, however, serious discrepancies still existed — 
bven among the higher-grade clays — Seger eventually suggested the following formula 
applied to the clayite or pelinite above mentioned, and not to the material as a whole : 

Fire-resistance Quotient (Seger) FQ = (a+b) 

s b 

This formula, though applicable to a larger number of clays than Bischof’s, is, 
like the latter, extremely limited in its application and is far from reliable, and Seger 



himself found several fireclays and kanlins in regard to which it proved impossible to 
obtain an agreement between his formula an4 the results of actual fusion tests. That Seger 
recognised this is clearly shown in the following statements in his “ Collected Papers ” : 
“ Both Bischof’s and my coefficients only give approximate figures, as the fusion of 
clays involves several important physical factors which must inevitably be omitted 
from any method of calculation.” “ It is imwise to attach much importance to any 
coefficient, because it cannot include the variations in the size of the grains of clay 
this factor being quite as important as the composition of the material. Thus, silica 
in an extremely finely divided state acts energetically as a flux, but coarser silica in- 
creases the heat resistance of some clays to which it is added ! ” Seger also laid great 
stress on the irregularity of composition observed in clays, and declared them to be 
“ not homogeneous, but merely mixtures of various minerals of which the largest 
proportion is * clay substance.’ ” “ Hence, any figure which it is claimed represents the 
melting point based on the composition of the material can only be rough approxima- 
tions.” ^ 

When Seger’s quotient is applied to the analyses shown in the Table on page 127, 
the results obtained are so coiifiicting that it is impossible to trace any direct con- 
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nection between Seger’s quotient and the Seger cone numbers in the last column of 
the ®abl©. It is, however, only fair to observe that the temperatures indicated by 
these Seger cones are not the true melting points of the clays, but only the “ softening 
points,” and Bischof has shown there is no simple law connecting the temperature at 
which Seger cones bend with that at which they melt. 

A method of calculation similar to those of Bischof and Seger, but differing in 
the manher of its representation, is that of T. Ludwig’®®, who assumed that the fluxes 
in a clay aro in the form of a solid solution with the clay as a solvent, and arranged 
the composition of a clay as a formula with alumina as unity thus : 

X no AI2O3 y SiOj, 

plottings as ordinates and y as abscissae. Ludwig obtained a chart (Fig. 1) in which 
the diagonal lines represent the limits of the Seger cones marked thereon, so that the 
“ melting point ” of a clay is represented in terms of these cones. This chart is in 
close agreement with the experimental observe,tions of many fireclays and kaolins, 
but is entirely unreliable for clays in which the total fluxing oxides exceed 6 per cent. 
Ludwig attributed its failure to the heterogeneous nature of clays and to the irregular 
distribution of the fluxes in them. 

The relationship between the composition of clays and their melting point has 
also been investigated by H. Seger’®®, who studied the melting point of mixtures of 
silica and alumina and of silica and kaolin to which sufficient felspar was added to 
keep the alkali-content of the various mixtures constant. 

Seger foimd that mixtirres of free silica and alumina behave in a manner similar 
to mixtures of kaolin and pure quartz-sand, so far as the melting points are concerned. 
In both cases the larger the proportion of silica the lower the melting point, untQ a 
material is obtained with a molecular ratio of 1 AI 2 O 3 : 17 SiO^, after which the 
addition of more silica increases the melting point until practically pur© silica is 
obtained. These results are summarised in the curve shown in Fig. 2 (see also 
p. 132). 

That some definite relationship does exist between the composition and the 
softening point of clays is shown by the existence of a regular series of Seger cones. 
These are composed of mixtures of pure kaolin with marble, felspar, and quartz in 
atomic proportions, the whole being reduced to an exceedingly fine powder. Not- 
withstanding the fact that the purest possible materials are used in the manufacture 
of these cones, no definite general formula has been found for connecting the fusing 
point of these cones with their composition. Seger laid special emphasis on the un- 
desirability of attempting to correlate the Seger cones with definite temperatures. 
“ I permit the preparation of a scale of comparison between my cones and definite 
temperatures,” he wrote, “ with the greatest xmwillingness, more ©specially as I have 
found no means of comparison for the highest cones.” Seger’s caution and modesty 
are well known, so that it is interesting to not© that later investigations have proved 
that, with trifling exceptions, all the cones above No. 10 correspond very closely to 
definite temperatures, provided that the rate and other conditions of heating are 
favourable and constant, but that slight variations in the condition of heating cause 
serious discrepancies in the behaviour of the cones. It should, however, be noted 
that Seger’s cones do not show the melting points of the mixtures composing them, 
but only the resultant of the various forces which cause them to bend to a definite 
extent. Whether there is any relationship capable of simpler expression numerically 
between the bending temperatures of Seger cones and their true melting points remains 
to be proved. Meanwhile, in view of the misuse of terms in the literature of the subject, 
too much emphasis cannot be laid on the fact that Seger cones merely indicate the 
soflemng points of the materials of which they are made. These softening points, 
together with the molecular composition of the cones, are shown in the Table 
on the next page. ' 
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SEGER CONES AND TEMPERATURES 


Estimated 
Temperature “ C. 

Cone No. 

Molecular Composition | 


CaO 

; AI20, 

SiOa 

1320 

11 

.25 

.58 

1 

10 

1350 

12 

.21 

.50 

1 

10 

1380 

13 

.19 

.53 

1 

10 

1410 

14 

.17 

.39 

1 

10 

1435 

16 

.14 

.33 

1 

10 

1460 

16 

.13 

.29 

1 

10 

1480 

17 

.11 

.26 

1 

10 

1500 

18 

.10 

.23 

1 

10 

1520 

19 

.09 

.20 

1 

10 

1530 

20 

.08 

.18 

1 

10 



21 

.07 

.15 

1 

10 



22 

.06 

.14 

1 

10 



23 

.06 

.13 

1 

10 



24 

.05 

.12 

1 

10 



25 

.04 

.11 

1 

10 

1680 

26 

.04 

.10 

1 

10 

1610 

27 

.02 

.03 

1 

10 

1630 

28 

— 

— 

1 

10 

* 


m 

— 

— 

1 

9 

1650 

29 

— 

— 

1 

8 

* 


294 

— 

— 

1 

7 

1670 

30“ 

— 

— 

1 

6 

1690 

31 

— 

— 

1 

5 

1710 

32t 

— 

— 

1 

4 

1730 

33 

— 


1 

3 

1760 

34 

— 

— 

1 

2.5 

1770 

35 

— 

— 

1 

2 

1920 


40 

— 


1 



* These cones are not manufactured, as their Estimated Temperatures lie too close 
to neighbouring cones, and are somewhat irregular, 
t Pure silica behaves like cone 32. 

It will be observed that there is a fairly regular difference in temperature between 
consecutive cones, but this is not sufficiently constant for any simple law to be foupd 
from a graph of the cone numbers and temperatures. 

Simonis’®* has studied mixtures of kaolin, quartz, and felspar in connection with 
Seger cones and found that the felspar acts as a constant and neutral £lu3[U He also 
concluded that the softening point of such a mixture might be represented numerically 
by a “ refractory index,” using the symbols Jc for the percentage of kaolin, a for that , 

of quartz, and / for that of felspar. According to Simonis, if A; is greater than | the 
“refractory index” will be R 60. For bodies high in silioa, in which 

I is greater than h, the refractory index ” is y — Ifc — / 60. The value of this 

“ refractory index ” in terms of Seger cones is^given in the accompanying Table ; — 


Refractory index . . 17.5 22.6 28 , 33.7 39.2 44.6 50 67.6 

Seger cone 14 15 16 * 17 18 19 20 26 

Refractory index ..65 72 80 89 102 114 127 141 

Seger cone 27 28 29 30 31 32 33 34 
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It will be observed that there is no simple relationship between Simonis’ Refractive 
Index and the corresponding Seger Cones. 

In short, the Bischof-Richter law, together with the various modi- 
fications of it and the other attempts to correlate the melting points of 
clays with their chemical constitution here noticed, which are not in 
accordance with the H. P. theory, is shown by the above evidence to be 
erroneous. Further investigations must show that, in accordance with 
the H.P. theory, the true melting point of a clay (not the “ softening 
point ”) is a periodic function of the atomic weight of the replacing 
elements. 

[That this relationship has not been found is, in part, due to the difficulties experi- 
enced in melting the purer and therefore the most refractory clays, and also to the 
very wide^read belief that clays are heterogeneous mixtures and not true chemical 
compounds. The general evidence in favour of the H,P. theory ie, however, so strong 
as to make this consequence of it highly probable, even thot^h the experimental 
evidence at present available in respect of melting points is of little or no assistance. 
In due time the various germs of truth in Bischof’s and other theories will emerge 
from the obscurity in which they have so long lain, in consequence of the non-existence 
of a correct theory as to the constitution of clays and allied substances.] 

It is highly probable that the melting point will be lowered by the 
substitution of elements of higher atomic weights. Such an effect has 
been observed by G. Japtsch’^® in other complexes with the general 
formula : 

3 Mo • X2O3 • 6 N2O5 - 24 H2O, 
where Mo = MgO • MnO • NiO • CeO • ZnO, and 
X 2 O 3 = LagOg • GcgOg * ' NdgOg • Sm^Og • GdaOg. 

This is shown in the following Table : 



Mg 

Mn 

XI 

Oe 

Zn 

La. 

113.6° 

87.2” 

110.5° 



Ce 

111.5° 

83.7” , 


98.6” 

92.8° 

Pr 

111.2° 



97.0° 

91.6° 

Nd 


77.0” 

105.6° 

96.5” 

88.6° 

^m 

96.2° 

70.2° 

92.2° 

83.2° 

76.6° 

Gd 

77.6° 


72.6° 

63.2° 

66.6° 


The divalent manganese appears to behave in an exceptional 
manner which cannot, at present, be explained. 


donsequenee 2 (see p. 126) ^ 

The melting point of silicate containing no alumina increases with 
the silica-content. Thus, bisihcates fuse at a higher temperature than 
monosilicates, and trisilicates are more difficult to fuse than bisihcates. 

In most cases, the physical properties of complex substances differ 
from those of their constituents. This is also the case with alumino- 
sihcates in which, according to the researches of C. Bischof, a lower 
fusing point accompanies a higher sihca-content, the aluminosihcates 
which are rich in silica being more fusible than those relatively poor in 
sihca. 
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A glance at Fig. 2 , which shows the results obtained by Seger’^® 
on mixtures of pure sihca and alumina (see p. 129) shows : — 

1 . An increase in the proportion of sihca is accompanied by an 
increased fusibihty. 

2 . The melting point, or more strictly the softening point, di- 
minishes with an increase in the proportion of sihca until the mixture 
with a ratio AI 2 O 3 : Si 02 = l : 15 is reached, after which there is a 
change in the direction of the curve until a ratio 1 : 17 is reached, after 
which an increase in the proportion of sihca is accompanied by an 
increase in the melting point. 



Mols.SiOi, 

Fiq. 2. — ^Relation of Softening Point to Composition (Seger) 

The flattening in the curve indicates the formation of a compound, 
and as glasses are known with a ratio of AI 2 O 3 : Si 02 = 2 : 3^^ the curve 
appears to indicate the existence of a secondary type of such a glass. 
The compound AI 2 O 3 , 17 Si 02 would then have a high molecular weight 
and the foUowing structural formula : — 



Consequence 3 (see p. 126) 

No experimental evidence is available for proving the correctness or 
otherwise of this consequence of the H.P. theory, but further investiga- 


THE CAUSE OF PLASTICITY 


13S 


tions of clays and aluminosilicates wiU, in all pfobability, lead to the 
definite confirmation of this theory. 


In connection with the foregoing observations the behaviour of the 
so-called mineralisers^^^ may be mentioned. The ones most generally 
used are the chlorides of calcium, magnesium, manganese, aluminium, 
and silicon, the fluorides of calcium, sodium, potassium, magnesium 
and silicon, the tungstates of potassium and lithium, the borates of mag- 
nesium, calcium and sodium, the phosphates of potassium, magnesium, 
etc. These mineralisers appear, in many cases, to form sodalitic com- 
pounds with silicates (see Sodalites p. 59) and, on adding a minerahser 
to a compound or mixture, the melting point of the substance is con- 
siderably reduced. 

Mineralisers play an important part in the synthesis of various 
minerals and without them some minerals cannot be produced. 

The Cause of Plasticity in Olay 

Before concluding this chapter, a few words may be added on the 
plasticity of clay. 

The authors agree with Seger^^^ in terming those substances plastic 
which possess the power of absorbing and retaining fluids in their pores 
in such a manner that the mass may be given any desired shape by 
kneading or pressure, this shape being retained after the pressure has 
been removed. It is a further condition that if the fluid is removed, 
the substance shall retain its shape unchanged. 

A number of theories^^^^ have been formulated to explain the 
causes of the plasticity of clays.* The authors of the present volume 
consider those theories are the most probable which assign the chief 
cause of plasticity to the "‘water of constitution ’’ in clays. 

From this it follows that : 

A. The more OH-groups a clay contains in the form of water of 
constitution,’’ the more plastic must it be. 

B. By separation of the OH-groups on an increase in temperature 
of the clay, or by the replacement of hydrogen by a base, the plasticity 
must be reduced or completely destroyed. 

These consequences of the theory are fully confirmed by facts. 

Thus, Seger^^^ found that if a cream or shp made of clay and water 
is allowed to settle and the clear water decanted, the pasty sediment will 
be so stiff that it can bear the weight of a glass rod without the latter 
sinking into it. If, however, to the water used for maldng the slip 
a few drops of caustic soda, sodium carbonate solution or water-glass 
are added, so that the water is rendered feebly alkaline, a remarkable 
change occurs. The slip becomes considerably thinner and more fluid, 


♦ The chief of these are summarised in “British Clays, Shales, and Sands.” 
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part of the material settles immediately to the bottom as a solid 
substance and the supernatant liquid requires a very long time before 
it becomes clear. If, now, a few drops of acid are added to the mass, 
it becomes so stiff that the vessel in which it is contained may be 
inverted without spilling the contents. On drying to a definite volume, 
the acidulated mass will be found to be much more plastic than the 
original clay and the alkaline mass will have lost almost all its plas- 
ticity. It is highly probable that in Seger’s experiment, the prolonged 
action of water or acids on the clay had effected a partial separation of 
the alkalies it contained, whereby an increase in plasticity resulted, 
due to the cause indicated in Conclusion A above 

By the action of alkali, a partial substitution of H by the alkali may 
also occur and, as indicated in Conclusion B, this is the reason the 
plasticity is reduced. 

E. V. Sommaruga2 22 has shown, by analysis, that aluminosilicates of 
the alkalies and alkaline earths lose part of their base on washing. 

In agreement with Conclusion B, there is the further fact that clays 
lose their plasticity at high temperatures, at which the water of con- 
stitution is also driven off. 

The fact that some hydrous-aluminosilicates, such as the zeolites, 
are non-plastic is not in opposition to the above theory as to the 
cause of plasticity, as the introduction of a definite proportion of base 
so as to form a salt — and zeolites are true salts — completely destroys 
the plasticity. 

[The term plasticity, as ordinarily used, includes so many other properties that 
the interpretation of experimental results is extremely difficult. Moreover, no generally 
accepted method of measuring plasticity has yet been devised, all those now in use 
being open to several objections, the chief of which is that they measure some property 
closely allied to plasticity — such as tensile strength, adhesion, viscosity, binding power, 
etc., bp-t not the plasticity itself. 

Again, Drs. W. and D, Asch make no mention of the close connection between 
the colloidal material present and the plasticity of clays, nor do they explain how it 
is that quartz, calcium fluoride and a number of other substances of widely diflerent 
constitution and composition have been found by Flett, Atterberg and others to be 
plastic ^hen in a sufficiently finely divided state. 

If it is really a fact that extremely finely divided silica which is free from oon- 
siithtional water ceui become truly plastic, the hexite-pentite theory will require 
modification. In the present state of knowledge it is, however, extremely difficult to 
4eoide whether the substances just mentioned do become truly plastic or whether 
they merely become more cohesive. 

Severed investigations, including those by Rieke’®’, have shown that the loss of 
plasticity when a clay is heated is not proportional to the loss of “ water of constitu- 
tion.” A certain amount of plasticity remains, even when all the water has been re- 
moved from the clay, provided that the removal has been effected at a low tempera- 
ture. For this reason Rieke and others have concluded that the loss of plasticity 
on heating is due to the physical rather than to the chemical nature of the clay. An 
equally correct conclusion and one which is, moreover, in conformity with the hexite- 
pentite theory, is that the loss of “ water of constitution ’* is accompanied by poly- 
merisation phenomena which materially reduces the plasticity and necessarily involves 
a lack of proportionality between the loss of water and of plasticity when the clay is 
heated, especially as, under such conditions, the plasticity is lost at a greater rat© 
than the “water of constitution.” 

The reader interested in this subject will find further details in the translator's 
“ British Clays, Shales, and Sands,” in which the conclusion is reached that the plasticity 
is partly due to the extreme smallness of the clay particles, partly to the shape, texture, 
and physical nature of these particles, and only slightly to their chemical composition. 
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Considering the great stability of the clay molecule, it certainly appears to be quite 
as likely that the action of a few drops of acid or alkali on a considerable weight of clay 
may be due to the colloidal material in clay as to any change in the chemical com- 
position of the clay molecule of the nature suggested above. Moreover, it is dijB&cult 
to understand why china days and kaolins should be so slightly plastic compared to 
ball clays yielding such remarkably similar results on analysis, unless plasticity origin- 
ates largely in the physical, rather than in the chemical nature of clay. This may, 
of course, be due to somewhat different chemical structure (isomerism or polymerism) 
and the hexite-pentite theory is a priori in favour of such an explanation as accounting 
for the physical differences. 

^he whole subject of plasticity is, however, so complex, that no definite theory as 
to its cause has yet been found which will satisfy the whole of the facts. Under these 
circumstances, the theory suggested by Urs. W. and U. Asch takes its place amongst 
the numerous other serious attempts to ascertain the cause of this very elusive property 
of clays. In the opinion of the translator, however, the present application of the 
hexite-pentite theory to plasticity is attempting too much. The hexite-pentite theory 
is so valuable in its relation to the chemical composition of clays that it would be a 
pity to prejudice its acceptance by prematurely extending its application. When 
more is known of the nature of plasticity, it is not improbable that the value of this 
theory, in regard to plasticity, may be much greater than now appears to be the case. 


The Colour of Bricks and other Articles of Burned Clay 

The red colour of building bricks is usua,lly attributed to the presence of free 
ferric oxide in the burned clay ; that of Staffordshire “ blue ’* bricks and clinkers is 
generally considered to be due to the production of a ferrous silicate by the reducing 
action of the kiln gases on the ferric oxide in the burned clay. 

It is, however, a curious fact that the best red bricks cannot be made by adding 
ferric oxide to a clay, though the use of this substance does produce a low grade of red 
brick with a very irregiilar colour. Moreover, ordinary “ red oxide of iron ” dissolves 
readily in hydrochloric acid, but the colour of a finely-ground red brick is not removed 
by cold acid, nor can such a powder be completely bleached even by boiling with 
hydrochloric acid for several hours. Again, the clay used for blue Staffordshire bricks 
produces goods of a bright red colour ff burned in an oxidising atmosjjhere, the blue 
colour being only formed when reducing gases are present. If the temperature of the 
kiln has not been excessive, and the atmosphere is made strongly oxidising, the blue 
colour is replaced by a bright red one, this transformation of blue and red and vice 
verad being capable of being repeated indefinitely as long as the temperature is care- 
fully regulated. 

The generally accepted opinion that a simple ferrous silicate is the cause of the 
“ blue ” colour is not borne out by synthetic ferrous silicates, the colours of, the latter 
being quite different. 

These facts all point to the colour of bricks being due to an aluminosilicic ^mhy" 
dride containing iron in such a form that it can be readily converted from the ferric 
to the ferrous state and vice verad. The structure of silicates in which the oolbur is 
due to a chromophore group containing a metallic oxide is described in great!|r detail 
in a later section on “ Coloured Glasses,” in which the state of combination of th© meial 
is explained by the aid of the H.P. theory. 

Seger^3® and others have exhaustively investigated the relationship between 
the iron contents of numerous clays and the colours of the bricks obtained therefoom, 
but have not been able to find any definite correlation between the two. In many 
instances clays which contain 5 per cent, or more of iron calculated as ferric oxide, 
bum to a pale buff or primrose tint, whilst other clays with only 3 per cent, of iron oxide 
produce bricks of a strong dark red colour. The lower-grade fireclays and other buff- 
burning clays do not contain less iron than red-buming clays, but they must contain 
it in a different form. There is evidence in support of the view that in buff-burning 
clays the iron is chiefly in the form of pjuites, whilst in red-buming clays it is in the 
form of a ferrosilicio or ferro-alumino-siHcic acid, analogous to clay in which one or 
more of the hydrogen atoms have been replaced by an atom of iron. Seger also found 
that clays rich in alunoina as well as iron, usually bum to a buff rather than to a red 
tint. 

It is interesting to note, in this connection, that if a red-buming clay is washed 
with dilute hydrochloric acid a large part of the colouring matter will be removed, 
and if the clay is then dried and burned it will be of a yellowish red colour. No treat- 
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ment with acid has yet been found, however, which will remove all the iron without 
destroying the clay. 

If buff-burning clays are brought into momentary contact with flame in the kiln 
a reddish tint will form on their surface, as though a portion of the combined iron were 
set free as ferric oxide. No satisfactory explanation of this phenomena has yet been 
published, as the amount of red substance formed is too small for analysis ; the pro- 
duction of such “ flame-flashed ” goods is, however, well known to all makers of fire- 
bricks. 

If chalk is mixed with a red-buming clay, the bricks produced at temperatures 
below about 800° C. are red, but above this temperature the chalk reacts with the iron 
compound and the bricks are quite white and might be supposed to be quite free from 
iron. The nature of this white compound of lime, iron and clay has never been ascer- 
tained, but in the light of the H.P. theory it would appear as if the lime had destroyed 
the chromophore group — ^forming a new ferruginous silicate — and so had deprived the 
iron of its colouring power. 

The whole subject of the colour of burned clays is of ^eat technical importance, 
but hitherto it has been subject to so many assumptions which have passed as explana- 
tions that very little scientific investigation has been made. Clayworkers have been 
content to accept the assumption that the red colour of certain bricks is due to the free 
ferric oxide in the clay without troubling to ascertain how it is that 5 per cent, of 
iron oxide is without effect on the colour of the raw clay and yet produces such an 
intense colour when the clay is burned. That some change must occur in the combina- 
tion of the iron is obvious and the view published some years ago by the translator of 
the present work, that a large proportion of the iron occurs in the form of ferrosilicic 
acid ( ? nontronite, H 4 Peg SigOg) which, on heating, is decomposed into water, silica and 
free ferric oxide, certainly agrees with a number of the important properties of red- 
buming clays. Whether the iron is in the form of a ferrosilicic acid or of a substituted 
group in an aluminosilicic acid it is, at present, almost impossible to determine ex- 
perimentally.] 


XII 

The Ultramarines 

Historical Eeview 

Since 1828, many fruitless attempts have been made to ascertain 
the true cause of the colour of the ultramarines. Those investigators 
who consider ultramarine to be simply a ‘‘ mixture ” or a “ solid 
solution ” have, naturally, endeavoured to find a colouring principle,” 
the nature of which varies according to the various authors. Thus, 
according to Gmelin^^® and Breunlin^^®, the colouring principle ” of 
ultramarine is sulphur ; Eisner 2 ^'^, Kressler^^®, Guyton Morveau^^®, 
Priikner^®®, and Varrentrapp^^^ consider it to be iron sulphide, but 
Brunner 25 2 ]ias contradicted this by producing a blue from materials 
quite free from iron, which colour is in every respect equal to that 
produced from ferruginous clays. According to linger 25 the blue 
colour of ultramarine is due to nitrogen compounds, but Buchner254 
has disproved this by showing that “ ultramarine ” contains no nitro- 
gen. Stein255 has suggested that ammonium sulphide, mixed with the 
ground mass in a state of “ molecular fineness,” is the colouring matter 
of ^‘ultramarine,” and Eohland255 has stated that “ultramarine” 
contains a “colour-carrying substance,” or chromophore^ whose 
composition he has not published. 

On the contrary, those investigators who consider the ultramarines 
to be definite chemical compounds seek for the source of the colour in 


HISTORICAL REVIEW OF ULTRAMARINES 


137 


the arrangement of the smallest particles of this compound, i.e. they 
regard the colour of ultramarine either as a constitutional property or 
seek its origin in definite atomic complexes which form definite 
chemical compounds with the essential constituent (silicate) of the 
ultramarines. Among others in the first class is included Ritter who 
considers that there can be no question of a colouring principle, as the 
whole of the ultramarine forms a chemical compound because, as 
previously shown, one form of such substances may be colourless, yet 
may, under certain conditions, be converted into a coloured compound 
without the introduction of any new substance — ^a comparatively clear 
indication that here, as everywhere, the colour is due to the arrange- 
ment of the “ smallest particles.” 

R. Hoffmann 2 is one of those who consider that the cause of the 
colour is to be found in deJfinite radicles contained in the ultramarine. 
He has referred frankly and clearly to sulphonates which can add or 
lose sodium, oxygen, and sulphur, forming various colours.^®® “These 
changes occur in a similar manner to those in the side chains of organic 
compounds ; addition, substitution, and subtraction changes may 
occur without destroying the combination with the silicate molecule.” 

It is clear that Hoffmann’s conception of the constitution of 
ultramarine is the one which most closely resembles that of the authors 
of the present volume. 

In this connection, the following extracts from Hoffmann’s inter- 
esting work on ultramarine are of value : “ for the present it is 

sufficient to state that the formation of green and blue ultramarines 
and their behaviour towards various reagents confirm the view that the 
sodium added in the form of oxide must be more firmly united to the 
elements of the kaolin than is the sulphide, and that it alone takes part 
in the further conversion of white into blue and green ultramarine. 
Consequently, it is possible to distinguish a silicate side from a sulphide 
side in the ultramarine molecule without in any way disturbing the 
combination of the elements as a whole.” 

Hoffmann^®^ was also the first to claim the chemical individuality of 
ultramarine and to confirm this by means of microscopical investiga- 
tion.®®^ He was also the first to show that it is not correct to speak 
of one ultramarine, but rather of ultramarine compounds ; he en- 
deavoured to classify these into those “rich in silica” and those 
“ poor in silica.” 

The view that there are several ultramarines and that some, at least, 
of these are chemical compounds, has been independently adopted by 
Phillipp®®®, Szilasi®®^,.Heumann®®®, Guckelberger®®®, etc. At the same 
time, it should be noted that Hoffmann has doubted the chemical 
individuality of several ultramarines, including “ultramarine green.” 

“ Ultramarine green ” is generally understood not to have the 
properties of a chemical compound.®®’ It is considered to be either a 
mixture of ultramarine blue and a yellow substance or as ultramarine 
blue to which sodium sulphide, etc. has adhered. 
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For this reason Guckelberger^®® examined ‘‘ ultramarine green ’’ 
microscopically and found it to be a perfectly uniform, transparent, 
sea-green substance. No traces of blue particles or of those inter- 
mediate between green and blue were discernible. Hence, Guckelberger 
concluded that “ ultramarine green ” is a single chemical compound. 

It is surprising to find that, as early as 1878, R. Hoffmann^®* 
expressed an opinion on the nature of the bond of the sulphur-group in 
the ultramarines which is very similar to that of the authors of the 
present volume. He also expressed the belief that part of the oxygen 
in the sihcate molecule is replaceable by sulphur. ‘‘ The existence of a 
sodium silico-aluminate in which that part of the oxygen which is in 
closer combination with sodium can be replaced by sulphur — such 
silico-sulphonates behaving like free sodium monosulphonate (from 
which higher sulphonates may be produced by combination with 
sulphur and loss of sodium, without the silicosulphonate being decom- 
posed) — would be sufficient to explain the formation of ultramarine by 
the ordinary method of preparation and also its chemical behaviour 
towards other substances.” 

R. Hoffmann'^®^ endeavoured to find satisfactory structural 
formulae for white ultramarine, siliceous blue ultramarine, etc., and 
for this purpose made use of the silicate formulae proposed by K. 
Haushofer’®® to obtain the following : 


Na— 0— A1 


Na— 0— A1 


Si— S— Na 

White ultramarine. 


Na— 0 


Na— 0 


Na— 0. 


Nar-0 


0— A1 /®\si-S— S— Na 


Si 


0— A1 






a 


Si 


0— A1 


/ 0 \ 


0 

I 

Si— S— S— Na 


\o/ 

Siliceoxis blue ultramarine. 

Hofimann admitted, however, that these formulae were more 
fantastic than probable. 
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A New Ultramarine Theory 

The formulation of the authors’ new hexite-pentite theory of the 
constitution of the silicates, and the existence of an extensive literature 
of ultramarine, naturally suggest the application of the theory to the 
ultramarine compounds. The absence of a general theory of the 
composition of the silicates appears to be the chief reason why the key to 
the chemical constitution of the ultramarines has not yet been obtained, 
in spite of the innumerable experiments which have been made. 

For example, the following hydro-aluminosilicate : 

/\/\/\/\ 

^|Si|Al|Al|Si|“ 

Hjj,H4(^i • il • • ^i), 

contains two kinds of OH-groups : 

1. Aluminium hexite hydroxyl (or a-hydroxyl). 

2. Silicon hexite hydroxyl (or 5-hydroxyl). 

The four a-hydroxyls must obviously behave differently from the 
twelve 5-hydroxyls. As a matter of fact, the hydrogen in the 
hydroxyls is readily replaced by monovalent acid radicles such as — ^NOg 
— CrOg • OH, — SOgOH, etc. The hydrogen of the 5-hydroxyls is, on 
the contrary, more easily replaced by basic groups. 

In the hexite-pentite theory of ultramarines, the a-hydroxyls 
play a special part. The substitution of acid radicles for hydrogen in 
the a-hydroxyls is specially noticeable as a characteristic property of 

the compound Na 8 H 4 (Si • A1 • • ^i) first observed by Silber for which 

no explanation has, hitherto, been obtainable. 

On heating a mixture of kaolin with an excess of soda, to redness, 
and washing the calcined product with water, Silber obtained the com- 
pound : 

(SijAljjNajOg)* = Srai2(^i • A1 • il • &). 

If tMs substance is treated with dry hydrochloric acid gas at 160“, 
one-third of the sodium separates out as sodium chloride and there 
reniaius the compound : 

Na H H Na 



Na il i IsTa 


This compound, contrary to the original substance, possesses the 
remarkable property of not replacing its sodium by silver when treated 
with a solution of silver nitrate. Instead of replacing the sodium, the , 
silver is precipitated as oxide. 

Silber^^^ gives this substance the formula SigAleNa^Ogs, but he has 
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undoubtedly overlooked the presence of hydrogen in it . The separation 
of NTa by the action of HCl can only occur when the Na is replaced by 
H, for a temperature of 150° is much too low for OH-groups to 
separate in the form of water. 

On the assumption that in the a-hydroxyls the hydrogen can be 

O O A 

replaced by acid radicles, the behaviour of the compound Na 8 H 4 (Si‘ 
AJ • id • Si) with AgNOg may readily be explained. By loss of Ag^O 
and HgO the compound : 

NO2NO2 
I I 



' ? 

NOgi^Oa 


is formed. 

If this view is correct, a maximum of four atoms of silver can be 
separated for each twelve atoms of silicon. The correctness of this 
consequence of the theory must be proved experimentally. 

The above theory permits the prediction that the hydrogen in the 
a-hydroxyls may be substituted by the most varied monovalent 
inorganic or organic acid radicles, and that in all compounds of the 

Si • Al • id - Si type, only four of these acid radicles can be taken up. 

The aluminosilicates in which the hydrogen of the a-hydroxyls can 
be substituted by monovalent acids or acid radicles may conveniently 
be represented by the terms A-aluminosihcates or 2-aluminosihcates. 

The mode of formation of the A-aluminosihcates may be 
made clear by means of a few examples. The production of these 
compounds may be explained as due to splitting off the elements 

/OH 

of water. Thus, from 2 or 4 mols. and the hydrate 

Hi 2 • B[ 4 (Si • A1 • A1 • Si), the following A-aluminosihcates wiU be pro- 
duced : 
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/OH HOn 


|OH| 1^ 
_) _) 
00 0|H| 


00 1 (^ 

SO* so* 

(!) (!) 

I I I 


0 

SOa^SO* 


Si A1 A1 Si Si A1 A1 Si -> Si A1 A1 Si 


i I I 1 

0® 0® 

) ) 

/10H| |0H| 

“<0H 


i> b ' 
^0* io* 

I J 

001 1^ 


(j) 6 

SOav/SO* 

0 


The compounds A, B, C, D are acids or acid anhydrides. 

The hydrogen atoms of the sulpho-groups in A and C and the s- 
hydroxyl groups may be partially or completely replaced by a base, 
whereby acid or normal salts will be produced. 

In ultramarines, the group 

0 

so/\so* = s*o. 


plays a special role. This atomic complex has the power, under certain 
conditions, to split off oxygen atoms and to take them up again, or to 
replace them partially or completely by sulphur atoms. Thus, there 
may be formed from S2O7 the following : 


SO2--SO2 

(!) (i 

I I 


Salphonates 

0 OS 

SO'^'^SO SO-^0 S/'^S S-G ss/^ss* 


I I I 


(^ ^ 


0 0 
SS*/'^SS* ss/\ss* 
C) (!) s ^ 

III I 


ss/^ss* 


ss*-ss* 


s, Ss 

(k) a) 

etc. etc. 


s*/\s* 
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The sulphonates are very labile radicles and can be converted into 
one another, under certain conditions, by the loss or addition of oxygen 
or sulphur atoms or by the substitution of atoms of oxygen for those of 
sulphur and vice versd. The atomic complexes a, &, c, d, e, etc. are 
anhydrosulphonates, but they may also enter the above ^-alumino- 
silicates A and C as hydro-compounds. 


The Sulphonates as Chromophores 


The study of the A- and 2-aluminosilicates containing sulphonate 
groups has shown that these substances may be regarded as chromo- 
phores in the sense in which this term is used in Witt’s theory.* 

The introduction of a sulphonate group in this way into a hydro- 
aluminosilicate is not sufficient to form a coloured body. There must 
also be one part of the hydrogen of the 5-hydroxyls or the total 
hydrogen of the A- or E-hydro-aluminosilicates replaced by 
monor or divalent basic atoms. Such colour-stuffs may be termed 
“ ultramarines.” 

Ultramarines are, therefore, in terms of the hexite theory, such 
compounds as : 

ONa ONa 


SO-SO 

I I 

H 0 0 H 


I I I I 



H (!) 0 i 
^o-4o 


SO2 
I I 

KOOK 

Zn-AAAA-Z» 

Si A1 A1 Si 
Zn=\^ 

I I 





etc. etc. 


Following the suggestion of M. Schiitz^^A is convenient to regard 
the change from yellow to orange, red, bluish violet, violet, blue, blue- 
green and green a§ a deepening of the colour ; the reverse change from 
blue-green to blue, etc. as a lightening of the colour. : 

R. Nietzki^^® has formulated a law representing the r^lalion 

* Witt’s theory is described iix further detail in a later chapter on the ohemioal 
conatitution of coloured glasses, p. 246. 
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between the change of shade in a pigment and its composition . Accord- 
ing to this, the pigments of the simplest constitution are yellow ; with 
increasing molecular weight the yellow colour changes into red, violet 
and blue. Later researches by Kxiiss and S. Oeconomides^^®, H. W. 
Vogep27, and E. Koch^^® have shown that Nietzki’s law is of general 
apphcation, but that there are certain exceptions to it in which an 
increase in the molecular weight accompanies a lightening instead of a 
darkening of the colour. 

With increasing molecular weight, the sulphonate group can 
produce either a deepening or a lightening of the colour. 

As it is not sufficient merely to have a sulphonate chromophore in 
order to form a hydro-aluminosilicate pigment, and the introduction 
of a base into an acid is necessary, it is clear that the nature of the 
base must exercise an important influence on the shade. An increased 
molecular weight may thus cause either a hghtening or darkening of 
the colour. In all probability, the molecular weight of the original 
substance of the pigment (i.e. the aluminosilicate itself) is also of 
importance in connection with the shade of colour produced. 

Enough has been said to enable the various facts relating to ultra- 
marines to be explained in a simple manner. Apart from this, however, 
the theory shows the manner in which further investigations — ^both 
practical and academic — ^may most usefully be carried out in connec- 
tion with these highly important pigments. 

The Hexite Theory of TJltramarmes and the Facts 

Prom the ultramarine theory developed above, a series of Conse- 
quences result. It is important to see how these agree with the facts. 

A 

Theoretically, the composition of the ultramarines may be pre- 
dicted. It is, in fact, highly interesting to calculate the formulae of a 
large number of analyses in order to see how far they confirm the 
Consequences of this theory. 

Most analyses of ultramarine have not been calculated into formulae, 
and those which have been pven often show wide differences between the 
calculated and ascertained values. This is considered, by most chemists, 
as being less due to errors in calculating the formulae than to impurities 
in the material. 

The calculation of these formulae showed that ultramarines of the 
following t 3 rpes have already been prepared (see Appendix ) : 

1 . 

2. • A • 

3. si • ij - Si • • S, * 

4. Si • ^ • Si, • . 

6. Si -il- Si. 


» 
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From 1, for oxamplo, uhramarini's of the following tytKis have 

lH:i*n prothicod : 

O 

/\ 

SO, SO, 

i I 

o o 

,AA/\A,, 

I Hi I A 1 j A 1 j Hi i 

"Yw^r 

0 o 

1 I 

so, so, 

\/ 
o 

{«) IUSi„Al„0,)(H,0,),. 

H-S 
! ! 

O O 

I I I I 

■■ Hi i A1 I Al ' Si j 

III! 

t) o 

H k 



m »JSi„Al„O„HS,0,),. 



((■) RjSi„Al„Oj(H, 0 ,),, 


(«/) H,fSi„Al„00{S,0),. 


s s 

I I ( ! 

. . /' , r' • / y ' 

Si Al Al ' Si 

' r ■/" 

S H 

fO «JHi„Al„0,)(S,>,. 

Sa»ma*y of tTlintturisM o!>tato«l, amatod MWonUag to tl» f^rofolnf 

C«) IUSi„AI„ 0 ,M 8 , 0 ,h. 

1. NaiifSi||Al„Og,) ■ S|0|,. 

(ft) R«(Si„AlaO,) • 8,0*,. 

NA{|,|Kf.,(Si|fAI|,0,gl ■ 8(0|a ' ONsg, 

4 . Fb,(Si„Al,* 0 „> • 8,1 • ON»,C»,f>l„ 

5. ^iig(lsi,gAl,,0„i • S,0„ • ON«,(}{|Oht« 
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'^ 12 (S^ 12 '^ 12046 ) * S 5 O 9 • OAgNa, 

7. Agi5Na(Sii2Ali2048) • S 5 O 9 , 

8 . Nai 2 (Sii 2 Ali 204 e) * S^Og. 


(C) Rni(Sii2Ali20n) * S 4 O 4 . 

9. Naig(Sii2Ali2048) • S404(H20)2} 

10 . NajL 2 (Sii 2 Ali 204 g) • S 5 O 3 • ONa 2 » 


(d) R.(Sii2Ali20J-S402. 

11 . Nai 2 (Sii 2 Ali 204 g) • S 4 O 2 , 

12 . Naj^ 2 (®^ 12 ^ 12 ^ 46 ) * ® 4^2 ‘ 

13. Na^2(Sii2'^i2®46) * ®4®2 ‘ Na^, 

14. Na3L2(Sii2'^i204e) * S 4 O 2 * Ag 4 , 

15. Na5Agg(Sii2Ali204Q) • S 4 O 2 * Ag 4 . 


(e) E..(Sii 2 Ali 20 J-S 4 . 

16. Nai]^.5KQ.5(Sii2Ali204g) • S4Na2, 

17. Nai 8 (Sii 2 Al 2 ^ 2043 ) * S4Na2, 

18. N%2(®^12‘^12®46) * S 4 Na 4 . 


Ultramarines of other tsrpes are arranged according to their sulphonates. 
The following additional pigments have been produced : 


(a) R JAl,SiA) • S4O14. 

19. Nai4(Si 16 A1 12055 ) * S 9 O 9 , 

20 . Nai 0 (Sii 6 Ali 2 O 5 (j) • S 9 O 9 , 

21 . Na 4 (Sii 2 Ale 034 ) * SgOg • 0 Na 2 , 

22 . Na 0 (SiioAl 0 O 3 i) * S 0 O 3 . 


( 6 ) R.(A 1 A 0 J • S 4 O 10 . 

23. Nai0(Sii6Ali2O50) • 81904 * 02Na4. 


(c) R.(A 1 A 0 .) ‘ S 4 O 8 . 

24. Naj4(Sii8ALi2059) ’ S 12 , 

25. Naj8(Sii8Ali20ei) • S 12 , 

29 . Na29{Sii8Ali2O02) • S 12 , 

27. Nai2(Sii0Ali2O56)-Si2. 
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(d) R„(Al,SiA) • S4O2. 

28. Na 3 (Sii 2 Al 503 Q) • Sg, 

29. Na2Q(Sii8Ali20go) * Sg, 

30. Na;^g(Sii8Ali206i) * S 5 O. 

The above ultramarines exist both theoretically and actually. 
Other corresponding compounds must be produced sooner or later. 

If the views just expressed with regard to the constitution of 
ultramarines are correct, these substances can only be produced from 
hydro-aluminosilicates with a-hydroxyls, and not from acids of the 
following types : 

ySi ySi ySi ySi 

1. Al^Si 2. Al^Si 3. Al^Si and 4. 

^Si Vi ^Si 

as the latter contain no a-hydroxyls. 

Ultramarines of these latter types are, as yet, unknown, and any 
attempts to produce them must prove abortive if the hexite-pentite 
theory is correct. 


C 


Many ultramarines of the greatest diversity of colour are in 
agreement with the theory. Thus : 

1. According to Zeltner^^^ violet ultramarine may be obtained 
from the blue or green varieties if chlorine or other halogen and 
hydrogen is passed through the given ultramarine at IbO-lSO'^, NaCl 
being separated. 

2. According to Hoffmann^^®, a purple-red or violet pigment may 
be obtained from blue or green ultramarine by treatment with acids or 
salts and air at a high temperature. A separation of the base — 
also probably of the sulphonate group — occurs. 

3. J. Phillipp23i obtained a blue ultramarine by treating green 
ultramarine with water at 160°, and concluded that sodium sulphide 
was liberated in the process. 

4. Gmelin^^^ had previously shown that blue ultramarine, when 
heated in a current of hydrogen, is converted into red ultramarme with 
the liberation of HgS. 

6. In the following compounds, with the same chromophore and the 
same silicate nucleus, but with a variable proportion of base, the 
deepening of the colour with increasing molecular weight — ^in accord- 
ance with Nietzki’s law (p. 142) — ^is readily observable. 



red, 

Nai 8 (Sii 8 Ali 20 ei)Si 2 „ violet, and 
N^ 2 o(®^i 8 -^i 2 ^e 2 )^i 2 jj blue. 
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The possible existence of isomeric ultramarines fallows naturally 
from the theory. Thus, there are four possible isomers for a compound 
with the formula : „ 

NajjlSiijAlijO^jlSgO^Naj, 

as may be seen from the following structural formulae : 
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The results of a number of analyaas by E. Hoffmann***, Heumnnn***, 
and Phillipp**® agree with the kst-mentbned formula. In spite 
of the fact that aU the ultramarines examined by tlu!se investigators 
had the same composition, they varied in their charackTistics, 
ultramarines of Hoffmann and Heumann being blue and that of 
Philhpp, g^reen. Hence at leMt two isomers, out of those {Wssibh*, are 
known. 

Further studio of these pigments must eventually lead to the 
discovery of new iiOBMm, the composition of whioh can be pnbictcd, 
Thus, there are tkree possibb isomers of the compound 


Na„(Si«Al„0„)*SA. 
with the following itruotural formulie : 
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On treating a given ultramarine ■with, an aqueous solution of a salt, 
e.g. the compound 

S— S 

¥a (*) (!) Na 

I I I I 



lira c') C) hJa 
S— ^ 


with BaCl 2, SxCl2j Z11SO4, 3, etc., a substitution of the sodium by 

barium, strontium, ziuc or silver, etc. may occur or the sulphonate 
group may pass iato the uew compound. The sulphonates, as already 
mentioned, are very labile radicles and can easily unite vdth or throw 
oflE oxygen, so that it is by no means impossible that the sulphonate of a 
new compound may be either rich or poor in oxygen. 

Szilasi^^® and Heumann^^’ haye reached the same conclusion in 
their investigation of the behaviour of ultramarine compounds and 
solutions of salts. Szilasi studied the behaviour of three green ultra- 
marines (see A'p'peridix ) — one made at Budapest and the two others 
at Nuremberg. As it happened, all three samples had the same com- 
position, viz. ; 

S~S 





^^16(Sil2^12048) ’ S404(H20)2. 
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By treating this compound with a solution of Pb(NO,),and 

ZnSOj, Szilasi obtained the following ultramarines : 

ONa ONa 

I I 

SO SO 

I ! 


II I I n 



I I 

SO so 

\/ 

0 


* S402oONa2(H20)4, 

2. Pbg(Sii2Al]!2043) • S40iQ0Na2(B[2^)8> 

3* 24llQ(Sii2Alj^2048) * S4l^l0^^^2(^2^)l8* 

Tke mode of formation of compoimd B from A is easily seen. On 
the silicate side tlxere is a replacement of sodium by Ag, Pb or Zn, 
whilst one sulpbonate has added oxygen and the other oxygen and 
Na20. The addition of NagO is due to the fact — noted by several 
investigators — ^that sodinm ultramarines, on treatment with water, 
lose part of their sodinm in the form of caustic soda. 

That the sulphonates can lose oxygen and NagO in aqueous solution 
is shown by the fact that Szilasi was able to reproduce tbe original 
sodium salt A from the silver salt B 1, with the structural formula 
B, by treating the latter with sodium iodide. 

Heumann examined a blue ultramarine from Marienberg, the 
analysis of which (see Af'pendix, Analysis ISTo. 10) corresponds to the 
formula : 


C. 


Sm SNa 

1 I 



s 


Nai2(®h2-^i2®W * ^^’3^504* 
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This sodium ultramarine was heated with silver nitrate in a sealed 
glass tube at 120° for seven hours and formed a yellow, silver ultra- 
marine with a composition corresponding to : 


D. 



SO SO 

\/ 

s 

AgieNa(Sii2Ali2048) 


S5O9. 


The sulphonate groups in this case were oxidised ; they added 
oxygen and lost Na20. The sihcate side took up more base than 
compound C, as shown in formula D. Such cases have frequently 
been observed in the formation of complex silver and thallium salts 
(p. 19). 

To all appearances, Heumann was able to reproduce the original 
sodium salt by heating the silver salt for eight hours at 130°-140° with 
a solution of sodium chloride, but, unfortunately, no analysis of this 
blue compound is available. 

F 

If the ultramarines are reaUy derivatives of clays and are formed 
in the manner indicated by the hexite theory, the possibility of the 
formation at temperatures above the vitrification point of the clay 
must diminish with the amount of polymerisation which occurs and 
must cease entirely at the temperature at which the clay fuses, as at 
that temperature clays no longer contain a-hydroxyl. On the other 
hand, it must be possible to destroy the colour of any ultramarine by 
heating it to a suflSiciently high temperature. 

Knapp and Ebell^ss have shown that as soon as the temperature 
of an ultramarine reaches that of incipient vitrification, the possibility 
of its remaining blue diminishes and it ceases entirely at the fusion 
point of the material. 

Gmelin^®® has shown that the colour of ultramarine may easily be 
destroyed by excessive or prolonged heating. 

C. StolzeP^® heated blue ultramarine to redness for a long time in 
a platinum crucible and noted that the colour gradually weakened and 
that a white product was finally obtained. A green ultramarine, when 
similarly heated, showed no diminution in colour. At first it darkened. 
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but then showed so great a stability that after several hours’ powerful 
heating ” no further change could be noticed. In all probability, the 
vitrification point of the green ultramarine examined by Stolzel was 
above the “ red heat ” to which it was exposed ; this accounts for 
the colour remaining unaffected. Further experiments will show 
whether the destruction of the colour of a number of ultramarines, 
which are stable at red heat, occurs at a higher temperature. Accord- 
ing to the hexite theory, this must necessarily occur. 

G 

The separation of a sulphonate group in an ultramarine must 
result in a destruction of the colour. This is necessarily the case. 
Dilute acids, such as hydrochloric acid, effect a separation of the 
sulphonate group and produce a colourless mass. 

H 

If the ultramarines are real derivatives of clays, strong acids must 
not only effect a separation of the sulphonate groups, but must also 
affect the silicate nucleus and convert it into a compound of the most 
stable type, gelatinous silica usually separating out. No experiments 
in this direction are yet available. The truth of these conclusions — at 
at any rate as regards the separation of gelatinous silica — appears to be 
confirmed by Eisner who treated two ultramarines — one blue and 
one green — with hydrochloric acid. Both lost their colour, sulphuretted 
hydrogen being evolved and gelatinous silica separated. 

J 

The authors’ ultramarine theory gives a maximum content of 
monovalent bases in these substances. So far as the analyses studied 
by the authors are concerned, no ultramarine is known with a higher 
content of bases than the maximum shown by the hexite-pentite 
theory. 

K 

The theory also demands a minimum molecular weight for ultra- 
marines. In this connection it is interesting to note that Guckel- 
berger^*^ — studying the ratio H2S : S : SO2 in the decomposition of 
ultramarines by acids — ^has also arrived at the conclusion that the 
molecular weight of “ ultramarine blue ” is greater than that of an 
atomic complex with 6 silicon atoms, and that it is a multiple of Sig. 
This view agrees with the theory proposed by the authors of the 
present volume. 

L 

It also follows from the theory, that the sulphonates form definite 
chemical compounds with silicate nuclei. Ritter*^® has reached the 
same conclusion experimentally*t By the action of chlorine gas at 
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300^ on tlie so-called white ultramarine, Ritter has shown that only 
a small quantity of sodium chloride is formed. From this he rightly 
concluded that, in the ultramarines, the sulphonates are in true 
chemical combination with the sihcates, as any free sulphide com- 
pounds present would be completely decomposed by chlorine. 

R. Hoffmann is of the opinion that the sulphonate groups 
behave similarly to free sulphides, but are not quite the same as the 
latter as “ they show a greater stability in the silicate compounds.” 

Analogy between Ultramarines and Sodalites 

In concluding these observations, it is interesting to note the mode 
of formation of a number of compounds, the constitution of which is 
analogous to that of the ultramarines. 

The assumption that some normal salts, e.g. Na 2 S 04 , Na 2 W 04 , 
NaNOg, etc., contain ‘‘water of constitution,” when in aqueous 
solution, is quite reasonable, as the formation of such hydrates is 
extremely probable (p. 267). If it is accepted, there is a possibility of 
forming compounds with these salts and an aluminosilicate correspond- 
ing to 

Na2 OH OH Na2 

II I I II 



11 I I II 

Na2 OH OH Na2 
6 Na20 • 2 HgO • 6 AI2O3 • 12 Si02. 
A 


If water is lost, the constitution of the resultant substances may 
be represented by the formulae : 


Na2 2 2 Na2 



Nag (1)H OH Naa 



B 


C 


the sign 2 representing a molecule of a given salt {Na 2 S 04 , Na 2 W 04 , 
NaNOg, etc.). 

Thugutt (p. 60) has actually obtained a series of these compounds 
which may be termed “ atomic compounds ” (p. 69). From this atomic 
expression of the constitution of the sodalites it follows that a molecule 
of silicate A can combine with, at most, 4 molecules of 2. This 
Consequence of the theory is conferred by the facts, and no sodalite is 
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yet known which contains more than 4 molecules of 2 to one of A (see 
the series of Thugutt’s sodalites on p. 60). 

Theoretically it is also possible that the aluminosilicate A and other 
aluminosilicates with a-hydroxyls may not only combine with simple 
compounds and salts of the kinds mentioned — conveniently termed A 
(acid-) and 2 (salt-) sodalites — ^but also with complex acids and their 
salts. 

The formation of sodahtes (A- and 2-sodalites) of the latter kind 
occurs in the so-called porcelain cements (p. 215). 

Thugutt’s sodalites and the porcelain cement sodalites may there- 
fore be regarded as analogous to the ultramarines. 


XIII 

A New Theory of Hydraulic Binding Materials, with special reference 
to Portland Cement 

The various substances known as “ Portland cement ’’ form only 
one division of the so-called hydraulic binding materials, the others 
being known as trass, puzzolans, hydraulic limes, Roman cement, slag 
cements, etc. Of all these, the Portland cements are the most important 
and valuable hydraulites . * Like the ultramarines, innumerable theories 
have been proposed to explain their chemical nature, but none of these 
theories is completely satisfactory. 

If, as may be taken for granted, the solution of the problem is to 
be found in the chemical nature of the silicate cements and in the 
chemical constitution of the substances (silicates) from which they 
are derived, any attempt to apply the new hexite-pentite theory 
to the constitution of these cements must be of exceptional interest. 
If the new theory should prove to be of general applicability to the 
silicate cements it would not only solve one of the most interesting 
problems of inorganic chemistry, but the fact that it could afford such 
a solution would be of enormous value to the new theory itself. 

Before endeavouring to apply the new theory to the hydraulic 
binding materials, it is desirable to review briefly and critically the 
various theories now in existence concerning cement, and to state in 
some detail the nature of the problem the solutions to which hitherto 
suggested have proved so unsatisfactory. 

Historical and Critical Notes on previous Theories relating to Cements 

The artificial production of Portland cement had scarcely been 
discovered when a question arose as to the cause of hardening f of 

♦ A hydraulite is a substance which, when mixed with water to form a stiff paste, 
sets and becomes hard like a cement. — A. B. S. 

t In English-speaking countries the “ setting ” and “ hardening ” of cements are 
treated as distuifet. In the present volume, the term “ hardening ” is used to include all 
the processes which occur from the time the sof^material, made by mixing the cement with 
water, begins to set to the time when the mass attains its maximum hardness. — ^A. B. S. 
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cements generally. A French engineer, Vicat^’®, who had paid much 
attention to cements, set to work to investigate, and eventually con- 
cluded that the hardening was due to the combination of the cement 
with water. A closer investigation showed that there are several 
difficulties in the way of accepting this hypothesis, some substances, 
which were known to combine with water, never hardening like cement. 
Thus, the zeolites are hydrous aluminosilicates which, after being 
deprived of water, can absorb it again from the air, though, as Fuchs 
has shown, such dehydrated zeolites do not harden mider water. 
Again, quicklime is well known to combine with water, yet the com- 
bination does not produce a hard, solid mass, but only a soft, friable 
powder. Fuchs therefore sought for another explanation of the 
cause of the hardening, and eventually made the remarkable discovery 
— since repeatedly confirmed — ^that only those aluminosilicates which, 
on treatment with acids, produce gelatinous sihca, possess the property 
of hardening with Hme and water. Fuchs concluded that hardening is 
a chemical process in which part of the lime and the “ attackable,” 
“soluble” silica unite, on burning, to form a calcium silicate. 
Indeed, Fuchs went so fax as to state the composition of the silicate 
which he supposed was formed. As no facts in opposition to this 
theory were known, it was not only accepted readily, but was used to 
great advantage. Pettenkoffer^’^ — ^an energetic supporter of this 
theory — even suggested that Fuchs had so completely solved the 
problem that no fmther investigation was necessary ! Feichtinger^’*, 
however, sought for experimental proofs of Fuchs’ theory, and believed 
he had found it in the following fact : if the hardening is due to a com- 
bination of soluble sihca and free hme, the mixture must lose soluble 
sihca in proportion to the amount of hardening which has occurred. 
This fact he confirmed on several occasions. 

Fuchs’ theory was pubhshed before the discovery of Portland 
cement, and, when apphed to the latter, difiB-culties at once arose. One 
of these dijSficulties was that in Portland cement the chemical behaviour 
suggests that the whole of the hme is in a combined state and that no 
free hme is present to combine with the soluble siHca. This was one of 
the first facts observed to be opposed to Fuchs’ theory. Winkler 
then found it necessary to devise a newtheoryforthesehydrauhtes,*and 
at once assumed that in the newer cements the hardening was not so 
much the result of a new compound of hme and sihca as of the separa- 
tion of hme from a compound previously formed. He retained lochs’ 
theory for sihcate cements containing free hme (Roman cements) and 
concluded that in Portland cements the hberation of hme occurred 
until the same calcium sihcate was obtained as Fuchs had found to be 
necessary in the other hydrauhtes. 

Feichtinger^’®, on the contrary, opposed Winkler’s theory, and 
maintained that Portland cements contain free hme ; to this extent he 


* See the first footnote on the previous page. 
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supported Fuchs’ theory. Nevertheless, it is possible to draw pre- 
cisely the opposite conclusions from Feichtinger’s experiments, i.e. the 
absence of free lime in Portland cement. He endeavoured to explain 
the inconsistency of his theory with the facts by means of a new and 
improbable hypothesis, viz. that the particles of free lime are so 
coated over with molten cement that a considerable amount of time 
is needed before the presence of the free hme becomes noticeable. 
Feichtinger examined various kinds of hydraulic limes, including 
those, hke Portland cement, in which the whole of the lime is chemi- 
cally combined, and those, like Roman cements, which contain free 
lime. Both are readily distinguished by their behaviour towards 
water ; the former, on hydration, show a scarcely noticeable rise in 
temperature, whilst the latter show an unmistakable development of 
heat. Furthermore, Portland cements after a given period of hydration 
show no Ca(0H)2, whilst in the Roman cements this substance may be 
detected as soon as water is added. This is in direct contradiction to 
Fuchs’ theory. In order to retain this theory, Feichtinger had recourse 
to the improbable hypothesis mentioned above. 

Winkler has argued that the behaviour of Portland cement towards 
an alcoholic solution of phenolphthalein shows that the whole of the 
hme is in a chemically combined state, as the smallest trace of free 
hme would, if present, turn the indicator red. In reality, no such red 
colour is produced. Fuchs’ theory is inconsistent with the possibility 
of regenerating the cement from the set or hardened mass, though this 
possibility may be inferred from Feichtinger’s experiments, as will be 
shown later. No agreement was ever reached by Feichtinger and 
Winkler : each retaining his own opinion to the last. This shows how 
strong was the influence of Fuchs’ theory on Feichtinger. 

No absolute answer to the question, ‘‘ Does Portland cement 
contain free lime ? ” has been given, even at the present time ; the 
influence of Fuchs’ theory has been so strong. 

It is also interesting to note how the supporters of the ‘‘ free lime ” 
hypothesis endeavoured to disparage the value of the phenolphthalein 
reaction. Some of them suggested that the “ free ” lime in Portland 
cement is in a crystalline state and so is incapable of reaction as an 
alkali. This suggestion is futile, as Richter has prepared crystallised 
lime and has shown that in alcoholic solution it has an obvious alkaline 
reaction. 

Fremy 2’® endeavoured to show the presence of free hme by treating 
Portland cement with dilute acids, but Schuljatschenko^’® has rightly 
shown that the behaviour of Portland cements towards dilute acids is a 
most unsatisfactory premise on which to argue for the presence of free 
hme, as the whole of the Hme present can be removed from the cements 
by means of dilute acids. 

Other investigators have used other reagents^’® * such as Mg(N 03 ) 2 . 

* A Kst of reagents which have been tried for showing the presence or absence of 
free lime in cement wilt be found in the Bibliography under No. 278. 
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reached the remarkable coiielwHion that only th«we ('emeutH are (hirable 
in sea-water which consist <tf the simplest compounds svndi as those 
made of lime and silica. Itoman cements, puzy.oluns an<i other cements 
lack durability in so far as their eoni|K}sitif»n is complex. . . These 
authors arranged that the sea walls in the harbours of St. Main nntl Ijji 
R ochelle should la* huilt with silicates fn-e from nlumiim, and it is 
easy to understand the panic which oeeurretl among French engineers 
when they noticed the rapidity with which the e«*ment use<l at these 
places was destroyed. 

Fuchs’ theory also influenced the methods of investigatitm of the 
constitution and hardening of Portlimd cements. His view, that the 
hardening was due to the formation of a given calcium silicate, led to 
an enquiry as to which substances were formed during th»t hardening 
of the cement. I’hese suhstances were later UTined the “ elTcetive 
substances ” of the cement. For over fifty yean* innumerable invi’sti- 
gators have endeavoured to find the Hubstanee which is the elitef cause 
of the hardening of cements,* and it is noUnvorthy that evi'ryone 
who was able to prepare an aluminati* or silicate which pf»sse«sed the 
power of setting in water, at once declared that it was to this substance 
that Portland cement <iwes its setting |K>wer I The result is that tlu’re 
are nearly many “ effective suhstances " as investigators. All kifitls 
of calcium silicates— -from the mono- to the hexa-silieat4*S“ atid many 
calcium aluminates have Ix-en prejanred in this <'onneef ion, and, to a«ld 
to the difficulty, the siiicatcts %vhieh one investigator deelanal to ls> 
hydraulic were found by another to have no hard**nitig jwiwer, “ Her»ee, 
almost aU iwssibl® calcium silicates,” write .hirdis and Ranter 
“have been ‘found ' in wment clinker; indeed, Mime investigators 


ceraem. analyses, i,ne oiuy evmence tor the existence of wl»»*!h is that 
the (assumed) eompoaitions of these various silicate, iduminates, 
ferrates, etc,, when added togetiwr in the proportions in which they 
are alleged to be prewnt, agree with thow* of Portland eement. 
Surely this is a weak argument when it is reali»M*<i what is meant by 
the inclusion of all the possible combinations ! ” 

Fuchs’ theory is also responsibh* for the fact that no one has 
hitherto regarded the Portland cement# as (diemitsal compounds, as 
this would be in dim;t opriosition to the view that the value of a 
cement lies in the (free) ” soluble silica ” present. It has, in fact, ls»en 
generally agw*ed that PortlamI cemmit Is eithi^r a mixtim* of various 
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able to iaolate tlicwi varioun contitituente (c.g, by nnmiw of a mechanical 
atialyaia). nor in there any Kcnera! agreement as t«i the comjaniition of 
thcH«i " coii«tituent,«." Thm*. Ijc t Imtelier eoiHtidera that the clink<$r ii4 
chiefly comjwwM'd of tri-caleium eilicate — a t«iilwtftn«> which ha# not jtst 
lH*cn po’iwrcd, with carlainty, in a eryt*!allme atalc, but ia a purely 
hy|K>thctical one. Tiimebihm, on the c onirnry, regard# it aa a product 
comijoatnl of alumina, eiliea, and ealeium. 

If alitf, bflittt, etc, exii«t aa real con!»liiwenttt of cement, each having 
adiffermitcomiarwlion. it rnu^l b* imj»o^>'ible trmbtain cement clinker 
of perfect uniformitt . Yet Itichard«on’** han pnaiiicctl clinkers which, 


ftiicl CMirr<*nj#ifitl ii) g«niii rliiikrw4 

It in vi:*ry prulmlik^ th%* n-niii *4 tiinfcirmily ot^rwd by Li 
Chiik*lii^r, T«iriii4#'ilitn nihi^rn in iliiii i^.rriiisrii* cif rlinktri m clmi to 
m aryfili 4 ]lngm.jilii<’ «iiti nwt In flillrrrnrfn in ihe nisItriaL 

Thin mpirnmn nil Iht? iiitira tirylwbb^ ulii-ii It in tlinl it ti&« 

lint yrii Immt fniinii k* iiny dpfiiiitoly chariictoriitie 

nofiititiinrilii friiiii ihr rliiiknr by nf M*t|iiiii»til%tififi cir intcliaiiiml 

aniilyf^iii. For ini^tiiiir«% fniyici tlial t nivrliiiiiietl ^|«ralinii 



Cliilf tliP 0tynlmUiim l* m 

fil f few tnmU^r l» #•!»* ii» tin 

lm4m in m 

I'liiWi **td9i^~** liiii im*n |#»-|nif»l C#, fk^hfwM #ti#l 1C., l^i* 

* F«r ^**# 11 . 111111111^11 »4 fel4filp»'i 

IlMf IUf*U*‘*gfmpUy* 



I ff'i « rnivpm. mi iIp* llw¥fy i.lftiflly fcitef II 

tlm iimmmtt mlAmn *4 tim pfmmA AINi •n*! ll 
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Zemmt, Stuttgart, 1906, p. 102) by heating a mixture containing 67 per cent- of lime 
to fusion. The “ alite ” crystals had a composition corresponding to : 


Lime 67.33 

Silica 23.50 

Alumina 3.82 

Iron oxide 2.28 

Magnesia 2.34 

Other matter 0.73 


100.00 

According to C. Desch’°®, “ These crystals are completely homogeneous, so that 
we are fully justified in regarding them as a solid solution of calcium silicate and 
aluminate, but not in assigning to them a definite chemical formula.” 

This statement of Desch’s is most peculiar. Surely the fact that the material is 
crystalline is opposed to its being a “ solid solution,” and in any case it is not clear 
why it is wrong to assign a chemical formula to crystals. 

In criticising the German edition of the present work, C. Desch complains that the 
authors have not paid sufficient attention to the structure of cements as revealed by 
the microscope. Yet this investigator, whilst accepting the homogeneity of Schmidt 
and Unger’s cement, refuses to regard it as a definite chemical compound I The “ solid 
solution ” theory, which he prefers, has been exhaustively discussed in the general 
criticism of the various theories respecting silicates (p. 13) and is further confuted by 
the fact that no Portland cement has yet been found which does not conform to the 
hexite-pentite theory, which states that such cements are highly basic calcium salts of 
aluminosilicio acids. Besides, the properties of Portland cement do not coincide with 
Desch’s or any oth^r theory of mixed crystals. {Vide pp. 13, 22 and 162.) In short, 
there can be no single substance forming the essential constituent of all Portland cements 
and corresponding to alitey because, as the authors* formulae show, the compositions 
of cements differ greatly from each other, although they all admittedly fall within certain 
linaits when expressed in the form of an ultimate analysis.] 

There is a sense in which all theories published on the silicate 
cements are developments of that of Euchs, and a considerable number 
of investigators at the present time are still under its influence. It is, 
however, impossible to find that these theories have led to any satis- 
factory results, but rather to the opposite. The worthlessness of 
these theories is particularly noticeable when an attempt is made to 
use them in explaining the various experimental results which have 
been obtained in silicate cements. Thus, in the fight of the foregoing 
theories, the following facts are inexplicable : 

{a) It is known that the best temperature for burning a mixture 
of clay and lime or chalk in the production of Portland cement is the 
temperature at which tho amount of vitrification is readily appreciable 
to the unaided eye * and that the quality olthe cement also depends 
on the duration of the heating. If this is too prolonged or the tempera- 
ture is too high, a cement of lesser, or of insignificant value is produced. 

The theories previously mentioned affoifd no explanation of this 
important fact. 

(6) Silica cements which have been heated to the sintering point, 
become gelatinous when treated with dilute acids. 

This fact is well known, but not the slightest explanation has yet 
beerbgiven as to its cause. 

* This is sometimes termed the “ sintering point.” It is reached when sufficient 
fusion has occurred to render the mass impervious to any suitable fluid which has no 
chemical action on the material. — ^A. B. S. 
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IfiCI (tlNSKQUEKCKS OF THE liJl TilKOIlY 

It in kmnvii tlifii in Fcirtiiimi ei^rtiriilf^ fi |«*rtiiiii i4 tin* iitiift in 
iiiiirr ri*iiililj miiiiviibli^ tliiiii tin* miiiiiiidrr. Tln^ 
cdfrrrti am tliiii ei'iiirnlH }m4Ii frr*^ iiiiil f'laisiiiiiriJ nr that 

jiiirt cd till* liiut* in in a nf wi*iik<*r I'liiiifiiiiiitinii lliiiii fhr rri%t. Tlif* 
jirf^i or ** frri* linti* hyjMithi^aiH hit?* i*Iifiwii in iirminiii^ l« Im 
ofifMimi ki till* ffirtti. Till* N*riifift nfli*n ttiiniglil In Im» f*ii|i}Mirlrcl liv 
tin* Piippciml nf highly hii^^ir iiiifl iiliiii«iiiiti»i. in the 

rintirrit* Hit* laiifiviniir nf Furl kiiii riniiriit f-irtiarfb rrrtiiiii miigriits k, 
hciwin^rr, fi|i|ii.m^il in thia hy|M4hi^^i^. Tin* i^tiiijKiMf itut ttifii riikittiti 
Piliri4l4*i4firi? finwiii k fmimkcl rm WiiiklrrVrxfa^iiiiriit#, mliirli 
thr i*alOtim ailirmti^a tn Im* iiiwihihli* in mt iilrnhnlir i*f hviirri- 

tiilfirici iirifL Friifii ihb it iirgiii*il thiil Itinw* pnlumn nf miirnt 
wliicii mn* ifii^nliitilf* in ihiii rragnil iiri* nl niltiiiin niliriil#* 

Ciilrilim iillliriifii4t4*ii n»ar| iilknlifii* Oi iin ftlrnhnlir miltiliriii rif jitif»iicil- 
fiiiiliiiliiii. Pnrlland rnnmmtn Mlintih!, |ir«Mliiri* $% ml ctiiciiir 

Willi ihiit ri*iigf*iit, Aa ii niiitf4*r <4 fart, llit^y iln nnl 4n m*, 

ffi*nri% till! ri’iiily m^pnmtum ni «■ liiiiiiiti* tmnmtiitm nf lirni^ frcnn 


|irnfiti«!f* Miiirak! mtmmtn wiiirn m%- nr mmmt iii liin pmmmtm 

cif wfiltir wiitmiiiing litttt* i#r nihrr iilh-iiIirM in mMlkm. Kfiiin iif th© 
ftiiMiriPM |iri!vinii#ly nnmikmmi run Im* mnl tn rxplitiii fiir't* Ac:- 
rnrdirig In Xtiiknw'^nki*^ mnniniin, m- mmn a-n tliry liiiv# 

IiipI 14 rrrlfiiti |M*rrriil#gf* nf liiiir, thm iif pk-g 


frfiilltMiMUtPFUffil 


at iill Willi w^iilrr alfinr. Kmm nf t hr Ihrriririi mIiciw »riy gmetk 

rrlalinii#ihi|i thr F«rlliinfl mnriilM #i«fl thr plug 

Aic It malirr nf fanl , I hr rr m ptirh n rr hii,it.inp|ii |i* fi# wt 11 tn! pIici wn Imter . 
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water problem— it is not difficult to imagine that (Ik* inability oi i 

existing theories to throw any light on this important subj<K-.t is mu* <»£ I 

the gravest objections to their use. Another spe(*ial weakness of I 

existing theories lies in the assumption made in alniost all of them, I 

that Portland cement-s are not singh; compounds. This a.s, sumption, I 

which is entirely without foundation in fact, not only limits the (h*velop- “ 

ment of chemical knowledge of the silicate cenu*nt.s, but niakes such 
development quite impossiWe. 

The opinion that Portland cements d<j not form ehemi<*al in- 
dividuals is doubtless dm* to the prevalent ideas tif tlie constitution of 
the substances from which these cements an* tleriveti, vi/,. the clays. I 

The conception of other derivatives of clay, sucii as the «jlt ramariiies, as | 

chemical individuals is also made* difficult for the same reason. | 

Now that it has been sliown {«) that the clays and idt rarnariiu's tnny | 

be regarded as true ehemical individuals (i.e, as d<*flnite eh<*micnl >■ 

compounds), {b) that by so regarding them, the wlmle ma.ss of pub- ;; 

lished experiments on the silicates lK*com<*s explicable, ami (c) t hat this 1 

conception of them has the <*hrtracteriHties of a true ehemical theory* { 

one which ptirmits a single cluasificatUm for all these subsianees as well 
as the deductive study of them — it apjK^ars to be highly jirobable that 
the Portland cements, which are tuitliing more l.linn d«*rivat,ives of 
clays, may also b«s regarded as ch(Miiural indivitluals, provi<lc(l that, 
no facts are opposed to this view. 

When it is iwided that by thus regarding the Portlan<l f!ements as 
definite chemical individuals an<l a|)plying the new hexite-js-ntito 
theory to them, the meaning of the whole mass of [mblishcd exjx'ri- 
mental results Ixscomes clear and that a new tneans of solving the 
important “ sea-water ” problem is provided, it is hartily irsi nmoh tt» 

Buppo.se that there will scarci'Iy 1ms a ehemist who will eesntinue to 
regard Portlan<I cements in the old erromsoiis ntittin(*r ns mixtures of 
various stibstances. 

In applying the new* theory to Portland cements, the following 
subjects must lx» consider»‘d : 

(а) The ehemical constitution of the Fortlantl eernents. 

(б) The retvetions which occur during the fctmiatimi of Portlwul 
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|ri tVnriofit rliiik'^r iiiliy *4 mihn.tmtfm mtvl ll«« |irci|itrt^ 

i»f Im III*’ *4 ii-i i^mnunn 

Willi ri’HpTt tfi (rii. a jiiirtial fii^icm of fiir* tiintf*riiil nrit iiicom*- 
}.iiitililr %%»il!i fill* unitary iiaturn nf tln^ rlinkiT, it c1cm*« licit 
wirily iiiiply flint t*liiikpr in not roiii{MiH*ri of ii CTirii|K'>iinfL 

TIk^ |>iirliiiliiy of thr in dm* l«i tin* low li«*iil rnncliirtivity of the 

miiloriiil, %vlir«rehy tin* inrllirig point i.i4iioi miidirri in llii! iiili*rifjr of 
tlio 

f-Ati 11*^1 l-» lliia wm i»mu4 hy *1, W, (%hh, ^lifiwi^l llmi Itiat 

«i?i Miliar into tin$nhm^U<m th*mgh tl'i« » fgyp 

iliai fv*niim4 to Ill*’* iiii4 or lli« r*»riip»iifpi frirfftpfi,| 

Tlift pfiitt^nmiit (f6|. tliiit tin* rliioiiionl rnfiiiirniH lM4wi;a*ri wilM 
iiiiitorialii am i^Iow and wddotn roi«}ilf*t.o, m Iiy no niriiin^: irin* nl high 
Ii4iiji«*ratiirn^. Ili*hiilrw. ilii»rr h no jironf Itiiil on liriiting a 

mixtiiro of kfiolm with onlrinm riirkniiiti^ {llm jiiiro roiiiititiieiitH of a 
niw remriif mix ) thf* rlinkor roii!niri.» fm* olny im wi4l ii-h fret* niileitim 
riirlioiiiiio or ralhi*r fmo liinio tin llio rorilniry, flic* vt*ry niniill pro- 
prirtiriii of iiii4oltililo iiiii!!i*r in rtotmiil nliiiki^r foniy dirmn that 

tlio roiietioii m mniarkiihly rompk^io 

rn*^fiiir4r#<’4 a fiirlli**? of tlin wpmnl md 

That, iiH »«{»ynl in (c), <?hjik<*r n inixtnr(' ninl not a ('nm[muncl i» 
pHri'iy an niid nnt a fart. C)f t!ii» i%vo tw*um|»tir»nH, (I) that 

wmi’iit rh«k»*r n* a t ( J) that it i« m mixture, that must 

b«» thf mtin* jirnhahh* whirh »«itiaf’M*a thi* inwi facts anti cnahlca the 
j>rrtiictii*n «f the imiHt prnjaTtica t«» Iw' maili*. '!*}»« is unqucHtiunahiy 
true i>f the aswumiitirin tJiat ccnicnl clinker h* a true chemical com- 
pnuiidl. 

Statement (rf) is suflicienlly anawewi in the coniment on statement 
(i) given alaive, 

Htalement (c) that eement clinker is essentially colloichtl i« another 
pure assumption which is quite tnmeresaary. It ia true that eementa 
have »tt>me eharaeteriatiea in common with eolloida, eapeeially with 
regard to their liehaviour on treatment with wat4*r. Any confuaion 
which may ariws in this conniption can only h*’ due to a auperfiisial 
appnpiation of the pmpertie* and structure, of colloids. For, as a 
matter of fact, the colloidal pro|irrtiea of eement# and clay# are hy no 
nu‘an# tncompatible with tlmir chetitiea! individuality, and, in the 
authorM* opinion, the colloid# themaelve# are not mixturtMi, hut dehiute 
chemical compound# of very high molecular weight. 

It i« miwit surprising that €. Iksuch, on the one side, and E. T. AUen 
and E, 8. Bhcpherdl. on the other, in their reviews of the Oerman 
editioji of this work repttuwhed the authors of the II. P. theory for 
regarding Portland cement# a# definite chemical comfiound# and not as 
mixtures. Tliese criiioi lielieve that the microscopical investigation of 
cements has #hown positively tliat cement* am lM*tero^neou« «uh- 
stance#. Thi# i# t he sob argument which has fieen hrougnt in opposi* 
tion to the H.P, theory. 

Unfortunately, thete critics have omitteil to bear a very important 
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fact in mind, namely, tliat a difference in crystal form does not neces- 
sarily prove the presence of substances of different chemical composi- 
tion. There is always a great probability of di- or poly-morphism, 
whereby one and the same substance may assume different forms. 

[The various forms which sulphur assumes is a particularly interesting example of 
polymorphism brought about by cooling under different conditions.] 

A proof of the non-identity of the various crystalline substances in 
cement can only be furnished by proving that each of them has a 
different chemical composition. This proof — simple as it appears to be 
— ^is entirely wanting with regard to Portland cements, and all attempts 
which have so far been made to separate the various crystalline con- 
stituents have proved abortive. 

These critics appear to adhere to one of the numerous mixture 
theories of the constitution of cements, and it would be of great interest 
if they would only state which is the one they prefer. If it were correct 
to speak of a fog of theories ” such a term might well be applied to 
the various mixture theories applied to Portland cements. Jordis and 
Ranter, in their well-known work on cements, have stated that all 
kinds of compounds, of possible and impossible theoretical constitution, 
may be present as essential constituents, and when enquiry is made 
as to what the various theories explain, it is almost impossible to find 
a simple answer. The following lines will give the reader a clearer idea 
as to the nature of the mixture theories : 

Some writers state the composition of only a limited number of 
constituents ; others give the composition of the clinker. In the 
former class are Jex, Le Chatelier, Erdmenger, Rebuffat, Zulkowski, 
etc. ; in the latter are Kosmann, Newberry, Jex, etc. 

The constituents of cement clinker according to the writers named 
below are shown in the following Table : 
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The true composition of cMnker is, according to Kosman (1895) : 

According to Newberry (1898) : 

X (3 CaO * Si02) + y (2 CaO * AlgOg). 

According to Jex (1900) : 

a(g[SiOJ,) + b(^ 2 }(Si 04 ) 2 ) + c(CaSi 03 ) 

2 CaO 


8 CaO 


ICaO 


2 CaO 

and according to Ludwig (1901) : 

3.033 CaO + 0.125 MeO + 0.217 + 1 SiOg, 

or 3.158 MeO + 0.217 Al^Og + 1 SiOg. 

The pubKshed opinions as to the chemical composition of hardened 
cements and of the constituents which cause this hardening are 
equally divergent and confusing, as the examples in the following 
Table wiU show : 

Alleged Constituents Causing the Hardening of Cements 


Alleged 

Constituent 

Authority Quoted and Reference 

CaO • SiOa • HjO 

Le Chatelier, Bull, de la Soc. Chim., 1885, 42, 82. 

Jex, Tonind. Ztg., 1900, 1856-1919. 

A. Meyer, Bull. JBoucarest, 1901, No. 6. 

Zulkowsld, Pamphlet, 1901. 

Landrin, rend., 1883, 96, 156, 379, 841, 1229. 

Michaelis, Jour.f. prakt. Chemie., 1867, ioO, 257-303. 

Michaelis, Verhandlung d. Vereimz. BefOrd. d. OewerbefleizeSf 1896, 


4Ca0-3Si02-H20 

5 CaO • 3 SiOj • H^O 
3Ca0-2Si0a-H20 

317. 

2 CaO • StOa • H^O 

Rebuffat, Tonind. Ztg., 1899, 782, 823, 853, 1900. 

A. Meyer, Bull. Boucareatf 1901, No. 6. 

Erdmenger, Chem. Ztg., 1893, 982. 


3 CaO • SiOa * HjO 

Rivot & Chatoney, Compt. rend., 1856, 153, 302, 786. 

Michaelis, Jour, prakt. Ohemie., 1867, 100, 257-303. 


Michaelis has also stated that the composition of a fully hardened 
cement may be represented by : 

246 (3 CaO • R2^>3+3 HgOl+eei (5 CaO • 3 Si02+5 H20)+93 (CaO+HaO). 

Allen and Shepherd have made the remarkable statement that the 
view that Portland cement is a mixture of various constituents is 
supported by ‘ a large amount of evidence . ’ It would be mostinteresting 
to see this voluminous evidence, as it is entirely unknown to the authors 
of the H.P. theory. Indeed, these critics appear to have overlooked 
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a fact to which Rohland has drawn attention, namely, the undeniable 
relationship between the constitution of clays, ultramarines and 
Portland cements. If Portland cements were mixtures, then clays 
and ultramarines could not be definite chemical compounds, yet the 
available experimental evidence is entirely in support of their definite 
chemical composition. 

Almost aU students of the constitution of Portland cements have 
overlooked the following considerations : 

Portland cements are, theoretically, highly basic lime salts of 
aluminosilicic acids, i.e. they are basic salts of which clays are the 
corresponding acids. Their general properties are in entire agreement 
with this view of their constitution, and it is incomprehensible that on 
treating clay with calcium carbonate in the manufacture of cement, 
the product should not be a lime salt, but a mixture of various sihcates 
and aluminates. It must also be remembered that Vernadsky has 
proved that free carbon dioxide is evolved when kaolin is heated with 
sodium carbonate and that a sodium salt is formed quantitatively. 
Analogous reactions occur in the synthesis of ultramarine from clay, 
sodium carbonate and sulphur, wherein sulphur addition-products of 
the sodium salt of the clay are formed. There is no foundation whatever 
for the assumption that the reaction between calcium carbonate and 
clay produces any other substances than those which the H.P. theory 
demands. 

(a) The Chemical Constitution of the Portland Cements 

If any suitable hydro-aluminosilicate such as 



• il • Sl), 

— ^which has been repeatedly mentioned on previous pages — ^be exam- 
ined, it will be found (p. 139) to possess two kinds of OH-groups, viz. 
a- and 5-hydroxyls. The a-hydroxyls play a special part in the forma- 
tion of the A-aluminosilicates ; in the formation of Portland cements 
the 5-hydroxyls are specially important. The hydrogen of the 
5-hydroxyls — ^which may be briefly referred to as 5-hydrogen — ^is, unlike 
the o-hydrogen of the a-hydroxyls, replaceable by such groups as : 

— R"-OH, — R'-O-R'-OH and — R" • 0 • R^ • 0 • R^' • OH, 

(R" = Ba, Sr, Ca, Mg, etc.) 

The basic atomic complexes are known as hydro-basic groups and as 
side-chains.* If the elements of water are split off from two neighbour- 

* For an explanation of side-ohains a good text-book on organic chemistry 
should be consulted. — A. B. S. 
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ing {ortha) jiowtictijM in the hydrobiihic f-idf-t haiw, nnhyclrobaaic groups 
i»r«! foniwl UK kIhuvij : 


o-ir-Ym: 

•OR*'OHi^ 


•- o • li' 
-O - 


O 


-O H' - OH, 

-™o • ir • o • It* • OH 


O • H* . V 

o ■ E* « O • E*/ 


Till* hydrobaKif atoniie rampb-xrK 
™0 • E* ■ OH, - 0 ■ E* ■ O ■ E' • flH itml ~0 • E* • 0 • E' • O • R* • OH 
m»y Ih* ri’pri'M'iiO'il, atn-ording to tlw uumlu-r of H"-atom«, by 

0), (2) anti {3). 

r«*»fK*t tiv»*ly, at«l tlu’ ntthyilrobaKio t’on»}ili>xi*K 

“-O ' E'\,, -i) ■ E' ■ E' • O • ^ 

— O • E'/ '• -Mi • E* ' O • E*/'^* CJ • E* • O • E'/^’ 

.«0 • E* ■ O ‘ E* ■ ■— \ - O • E* ' O • E* • O • it\_ 

-O • E* ■ O ' E* ■ O ' - () • It* • O • E* • O • E*/^ ' 

Bsay fftfls Iw inilifutocl, urrortling to llw' nwmlior of R"*tttoms, by 

2 . 3 *, 4' , O' , vte. 


A few exampiffi will tniike this elear ; 

OK OK (3) 

..*2) ./XXX.U) 

Ai i Ai . i i . | . | ai | . j 

12) itr / 


(31 

(2) j 
(2) >> 

(b 


Bi 



IjK 


OK (3) 


m ONa (2) 


2 K,0 • 2» R*0 • 0 H,0 • 
« Al,Ot ■ 12 BiO, 
9tH. 


N*,o ■ m E*0 • « H,0 • 
ll,0 ’« Al,0, - l2SiO, 
MyrfoilMHHe Oalt. 


6» r 

(3) I , AJ I AI j fei j f2j 

(2rY\y's/^Y'^m 
r s* 

4 11,0 • 40 E*0 ' 6 A),0, • 1 2 SiO, 
Ej>4n>-Miiiytlr»i»twie Mali. 
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3**i» 
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A/\/\A 

jBi jAljAlja I 


■»r 

>.3* 


aiK*0«AJ,0,*128i0, 

A«iI>y«iK>t»Miie %ktt. 
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What has been stated with regard to substances of the type 
Si • A1 • A1 • Si is equally applicable to other types, and the existence 
is, therefore, possible of : 


(2) (2) (2) (2) 

II II 



II II 

(2) (2) (2) (2) 


4° 4° 

=<'Si|Al|Si\ 

iP" \/ 

4° 




(2) 4° (2) 

Si I A1 1 Si I A1 1 etc. etc. 

3 \/=^ 

I 11 I 

(2) 4^ (2) 


The A1 may be partially or completely replaced by the sesquioxides 
Fe'", Cr'", Mn'", Ce'", etc., and the Si by Sn, Ti, Zr, etc., whereby the 
number of these basic salts is largely increased. 

Some of these basic salts with definite hydro- or anhydro-basic side- 
chains (viz. when R"=Ca, Mg) are manufactured on a large scale and 
are sold commercially in a finely-powdered state under the name of 
“ Portland Cement.” (It would be more correct to use the plural form 
— ‘‘ Portland Cements.”) 

These Portland cements certainly contain 3° chains ; their maxi- 
mum content of base remains to be found. Good samples appear never 
to exceed a maximum corresponding to 6 ° side-chains. Apart from 
this, these cements appear to contain a little alkali (in the aluminium 
hexite), a httle water (probably basic), and small quantities of such salts 
as K 2 SO 4 , K 2 CO 3 , Na 2 S 04 , CaS 04 , etc., but only as impurities. 

The following are t 3 rpical examples of Portland cements : 
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20 CaO • 16 MgO • K 2 O • 3 AI 2 O 3 • 12 SiOg 0.6 NaG. 
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Both consequences of the theory — (a) the increase in density on 
prolonged heating, attaining of a maximum at the melting point, and 
(6) the diminution of activity or ability to hydrate — are fuUy con- 
firmed by the facts. 

In confirmation of the second consequence of the theory, the 
following facts may be cited : A properly burned cement, if crushed 
to powder and then mixed with a suitable proportion of water, readily 
hydrates at the ordinary temperature. This property of cement 
diminishes on prolonged heating at the vitrification point and, in some 
cases, ceases entirely when the cement is fused. 

If the temperature is raised much above the melting point, further 
reactions may occur, the polymerised molecule breaking up into its 
original constituents — i.e. into single cement molecules — or decom- 
position occurs within the cement molecule itself. In the former case, 
useful cements are produced. Schmidt and Unger have prepared 
crystalhne Portland cements from such fused substances by means 
of the electric arc. Sauer has investigated the optical properties of 
these crystals. When crushed and mixed with water they set rapidly, 
with an appreciable development of heat. 

This theory of the formation of polymerisation products of alumino- 
silicates (including calcium aluminosilicates) at high temperatures, 
provides a simple explanation of several facts which have hitherto 
proved puzzling. Among several others : 

The Reactions which occur on granulating furnace slags and the 
formation of Silicate Cements from them^o^b 

are thereby explained. 

The raw materials from which iron is obtained are the iron ores. 
In addition to iron, these contain other earthy constituents such as 
lime, sihca and alumina. The object of smelting these ores with coke 
in furnaces is to separate the metallic iron from the other materials 
and to remove the latter in a fluid state as slags. In order that the 
slags may possess the necessary fluidity, the Hme must bear a certain 
ratio to the silica and the alumina, and great care is exercised by 
iron-smelters to ensure that this ratio is maintained. In most cases, 
the proportion of hme in the raw iron ores is too low and an addition of 
limestone is, therefore, made. Under favourable conditions, the 
molten iron and slag separate readily in the furnace on account of 
the great difference in their specific gravities, and are allowed to flow 
separately out of the furnace at two different levels. The slag carries 
off all the hme, sihca and alumina in the form of a calcium alumino- 
sihcate. 

If the slag is quenched,” by allowing it to fall into cold water, a 
material is obtained which, if crushed to a fine powder and mixed with 
alkahne solutions (Hme-water, etc.), hardens to a strong mass. The 
material which has not been granulated does not possess this property. 

The simplest explanation for this difference in behaviour between 
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►iiiKH whifh hnvf Ix'iij mni utliiTM in that !lii* latter are 

f!tjlymt*ri)ii'(i, wlitTeaH the «jiifnrlu*il ur graiiulnti-d undergo an 

fiiijinlynifriwition," i.i-. a hreaking up mlo eiugle n-jiji-nt moltH ulfs. 
.<\gain?<t thin view if. may !«• argiied tiiiti thew hkig*» are only 
niixturi'H and nt»l cheinit’a! computindH, hut. no ejiti^faetory proof has 
lai-n found in supjKirt of llii« ohjertion. On the rontrary, it is »d»viou« 
that the nianruT in whieh thew ehigs an* priwlutrd is neither irregular 
nor eaprieioua, hut is in afcordanee with definit** “ laws." their com- 
jjosition only varying in the Ki-venil wtirks Imuiuiw of dillereticeH in 
the iron oren ««h1. 

Hence, if an iron t»n» <»f eonstant eon»jM»siti«m is iiwd in a given 
worka, the contfiosition of lh«’ ehigs will also Is* eonstaiit. This ronae- 
iiuenw of t hi* autlmrs" ii**w thi'«>ry of the eonstituiion of slags is adopted 
hy •fants«*n ***, who supjsjrts it hy' the following analyws of furnace 
slags from tlie Iluderus ln»n Works in I hhh t«» I Win, 1KW3, iHhSand 
IHDtt : 
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'flii* ri*marlutl»li’ reguhirity in ihr* rompewition of the shtgs during 
m long a ja-riotl cania^t Is* a mere etiineideiw e. It is far mon* cdiaracter- 
istie of a tlefinite law, sueli jrs is only fd>M»*rved in «’onneet!on with the 
formation of definite rh«*mieiil eom}*uttnt!s. 

Allen and Hhepherd’*’ tleny that this eonslaney of romtatsition ia 
due to the n^nsoii statetl and regnrtl it ns eauswl hy the eonstant com- 
|K>sition of the mixliin’ tdiiirgiHl into the furnan*. 'Hiey endeavour to 
aupjKirt their contention hy stating that many minerals have been 
found in such shtgs. and {iroiest against s{M*culations on the aiructuni 
chemical nature of sulistanees of which llu* moleimlar weight is «n- 
knotvii. The obvious reply l<» such a erilieism is that it is ijuite lirside 
the point. There is no evidelire in SMp}s»rtof the view that the com- 
position of the slap is de|a«tidenl on that of the eliarge. except in m 
far a« all chemical react ions ret|uire certain pro jsirt ions of raw materials 
before they can occur. The fact that the charge is constant, or 
variabht within t^rtain limits, is not incompatibh* with the formation 
of defintki chemical compounds. 

*1110 further aUeption that such slags contain many ntinerals is not 
supported hy facts, dantiam, who arrivial at the same conclusion as the 
authors of the H.F. theory, concerning the slags he examined, must 
have reached a widely different conclusion if llu* slags had ri'aUy con- 
tained numerous minerals. 

If Allen and Hhepherd insist on regarding slap as a kind of '* glass, ” 
i .e. IIS a mi xtun% it is difiknit to iti« how they can explain Miufactorily 
the results of Lungo'a experiments (pp, lOoand l71)on the behaviour 
granulated and ungranulated slap with alkalies. It woiikl fat a most 
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remarkable coincidence if such slags behaved so completely in accord- 
ance with, the H.P. theory, if this theory were quite erroneous. 

With regard to the determination of the molecular weight of the 
constituents of slags, it is one of the advantages of the H.P. theory 
that (as has been previously pointed out) it furnishes for the first time 
a fully established hypothesis concerning the minimum molecular 
weight which a substance can possess when in the solid form. The 
determination of this minimum has been impossible hitherto, as no 
method yet known — ^not even the physico-chemical ones used for 
soluble compounds — ^is applicable to solids . The published molecular 
weights are, as the present writers have shown elsewhere, only apphc- 
able to substances in gaseous form or in solution, and cannot be used 
for substances in a solid state. The charge of lack of knowledge of 
molecular weight of the compounds concerned cannot, for this reason, 
be urged in opposition to the H.P. theory. 

Previous theories as to the nature of furnace slags have led to most 
puzzhng results. The theory that the chief constituent of these 
slags is a definite chemical compound is confirmed by the fact that 
analytical results obtained by Jantzen agree well with the formula : 

26 CaO • 1.5 MgO • 0.25 FeO • 0.25 MnO • 3 AlA • 18 SiO^ • CaS • 0.5 CaS 04 



An experimental proof of the authors’ views of the constitution 
of furnace slags is to be found in an investigation of slowly cooled 
and of granulated slags by Lunge®®®, who obtained the following 
results : 

21.5 CaO • 0.5 MgO • 2 HgO - 6 AI 2 O 3 - 10 SiOg • CaS 
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Found in 
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Ungranulated slag/ ( 6 ) 46.40 
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24.82 
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1.17 

1.10 


4 > Unattacked by caustic soda or sodium carbonate. 
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this difference is easily understood. Through the combination of a 
large number of cement molecules to form a combined molecule 
the strength of the bonds of the alumina in the ungranulated slags 
is greatly reduced. 

On the other hand, it appears as if the combination of several 
silicate molecules, to form a single large one, weakens the bond in the 
pentites ; otherwise, no explanation can be given for ungranulated 
slags giving up 4 to 5 times as much silica to sodium carbonate solution 
as do granulated slags. 

(c) A New Theory of Hardening 

Various theories of hardening are stated briefly in the 
ography.^^^*- None of them are entirely satisfactory, hence the need 
for a fresh hypothesis based on the hexite-pentite theory. 

In the following formulae is shown the composition of various 
hydrated hexites, derived from one which is capable of taking up 
hydroxyl progressively, i.e. at different intervals of time : 
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The conversion of a into 6, h into c, c into d, and so on, is accom- 
panied by an increase in the volume of the molecules concerned, so 
that the molecular volume of 6 is greater than that of a ; that of c is 
greater than that of &, and the compound g has the largest molecular 
volume of the whole series. 

In converting the compound a into b, b into c, and so on, the 
separate molecules in each group take up definite positions relative 
to each other, so that between &, c, d, e, etc., definite attractive, or 
more correctly molecular, forces are bound to exist. 

Assuming the molecules to be in the form of minute spheres, the 
last statement may be expressed graphically by the following diagrams : 



b Molecides c Molecules d Molecules 


Each addition to the molecule of water in the form of hydroxyl 
groups, with a corresponding increase in the size of the molecule, is 
termed a hyd/ration phase. It is clear that any substance which is sub- 
mitted to a sufiSicient number of hydration phases must set and harden, 
because with the increase in the molecular volume the space between 
the various molecules must diminish and their mutual attraction or 
molecular force must correspondingly increase. Hence, every substance 
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which can tak*- up water j»rngrcf<Nivrh . i.c. which can tiinhTgc>n«i*rk*sof 
hydmiuai pliancf., mtiHf a hyilmulilc (mc |i, 153). 

Ex|H'rii iici‘ huh !<h<iHU that if the tii^t hytiralictn phiiNCH fallow each 
other mjiiiUy, either no harcicniuK occarH or what little hardening 
lakex place ix vi'ry feehle. 

'rhr^e facta iijiiv !>•’ exjijaincd in iiccfinhiiice %»ith the new theory, 
hy Htating that if tin* hydration pha.M<n follow cm h other rapidly, the 
KpaccH Iwt weeti the molc<-ulex an* t««» large, or at any rate tiiiieh larger 
than when the hydration oeeiir.x more nlowly. If thia exphination ia 
eorrect, it eliould la* jK»aHihli* to treat f.nl»»«tiuiren whieh hydrate rapidly 
and tlo not harden in aueh a manner im hy ap|>lying preaetirej that th« 
niolectdeH are hrought nearer l«»gether. The faeta prove that when this 
i« doni*, the wiilwtaiiee wta ami hjir«leiia, ihtia fully eonfirming th® 
theory. Qniekiiine i« a tvjiiea! example of a materia! with rapid 
hydration pliaifea, and when it ia alaked it falls eoinph’tely to jaiwder 
with a eon»iderahle development of heat and the evoltiljoii of ekntflM of 
Hteam. Aee«»rding to Knapp*®*, however, very finely gfinind quieklime 
when mixed with water in a eiiitiihle, tightly ehwd ve#m*I productm, 
after (aneral howrx. a materia! which in harder than onlinary black* 
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III. According to Knapp anhydrous magnesia (prepared by 
calcining magnesium chloride) absorbs water with no development of 
heat and with extreme slowness, a stony mass is produced with a hard- 
ness somewhat greater than that of marble. The lighter, more porous 
magnesia (obtained from the hydrous carbonate) combines rapidly 
with water and finally forms a porous, talc-like mass. 

Richter®®® maintained finely powdered, anhydrous calcium nitrate 
at a white heat for six hours in a platinum crucible and obtained a 
vitrified porcelain-like mass, with a clearly defined crystalline texture 
on the fractured surface. When ground with water this crystalline 
CaO sets like cement. If the lime is insufficiently heated it is found to 
crack badly on cooling. 

Allen and Shepherd^ state that only large pieces of fused lime are 
indifferent to water, and that finely powdered, fused lime does 
not differ from ordinary quicklime. This fact,” which requires con- 
firmation as it contradicts the results of Richter’s investigations, is used 
by Allen and Shepherd as evidence against the H.P. theory. These 
critics consider that the reduced reacting power of the burned material 
is not due to polymerisation, but to the size of the pieces, i.e. to the 
surface area. If this were really the case, calcium aluminosihcates 
(cements) must behave exactly the same when burned hard of* soft, 
provided that the material is ground to the same degree of fineness 
in both cases. Direct experiments show, however, that this is not the 
case. 

These interesting instances of isomeric lime and magnesia are 
readily understood in the light of the authors’ theory ; both the MgO 
from magnesium chloride and the crystalline CaO are polymerisation 
products which have hydration phases hke the hydraulites and harden 
in a similar manner. 

According to the authors’ theory, the cause of disintegration in 
some materials is due to hydration phases following eacli other too 
rapidly, owing to the material not having beeii properly burned. In 
this connection it must be admitted that disintegration may also be 
due to other causes. 

For instance, Michaelis®^® attributes the cracking or ‘‘expansion ” 
of cements to a subsequent increase in volume, this being due to three 
causes : first and foremost to a high percentage of linie, second tojHe 
presence of calcium sulphate, and, ^ally, to irregular particles and 
coarse grains in the cement. 

That to6 high a percentage of lime may bring about the destruction 
of the mass is a simple inference from the authors’ theory, as lime and 
alkalfes effect an intense and rapid hydration, and a sufficiently large 
proportion of lime will cause the hydration phases to foEow each other 
very rapidly. 

An ibegular distribution of coarse and fine grains in the cement, 
resulting in disintegration, may be explained in terms of the authors’ 
theory because, as already mentioned, a fine powder is hydrated more 
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rapidly than a coarser one and forces differing in intensity are thereby 
set to work jh various portions of the material, with the result that the 
latter is broken up. 

The harmful effect of gypsum or plaster of Paris in silicate cements 
is described later. 

IV. Quartz crushed to an impalpable powder and then levigated, 
will not form a hard mass with lime and water. Opal, similarly 
treated, hardens slowly, but well. Calcined silica, such as that obtained 
in silicate analyses, when mixed with lime, hardens rapidly but badly. 

According to the authors’ theory, lime effects a hydration of the 
opal and calcined silica, so that they harden ; but, as lime does not 
behave in this way towards quartz, with the last-named substance no 
hardening occurs. 

According to Winkler®^^, if a mixture of three parts of quartz and 
one part of lime is strongly heated and the sintered mass is then 
crushed with six times its weight of lime and a suitable quantity of 
water, the mass hardens slowly and strongly. It is clear that in this 
case a series of hydration phases occurs at long intervals. 

V. The authors’ dynamisation theory also explains why it is 
necessary for most silicates to be heated to redness before they will 
harden in water (like Portland cements), or with lime and water (like 
puzzolans). In the case of clays it has already been shown that, on 
heating them to redness, or on causing them to combine with a base, 
the bond between the hexites or pentites of silicon and aluminium is 
weakened, and, for this' reason, such silicates precipitate gelatinous 
silica when treated with dilute acids. 

The authors’ theory agrees with the discovery of Fuchs that only 
those sihcates harden which contain “ soluble silica,” with the one 
difference that the ‘‘soluble silica ” plays absolutely no part in the 
hardening process. 

Different silicates must be heated® to very different temperatures 
or for various periods before they will harden with lime and water. 
For some of them a short heating to redness is sufficient ; others must 
be strongly heated for a considerable time, and others must be almost 
melted. According to Fuchs, the following substances harden with 
lime and water after they have been sufficiently heated at a suitable 
temperature ; felspars, leucite, various magnesium silicates such as 
talc and steatite, analcime, natrolite, clays, etc. All these silicates 
harden because the heating and subsequent treatment with lime and 
water produce hydration phases in the manner already ei^lamed. 

The cause of the hardening of “ trass ” and “ puzzolans ” with lime 
and water may be explained in an analogous maimer. The trasses and 
puzzolans are simply clays, and only differ from ordinary clays in the 
alterations they have undergone in consequence of volcanici action. 
In the course of time these substances may again lose their free 
secondary valencies. Such trasses or puzzolans are improved by being 
heated to redness. 
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A considerable number of bydraulites of the most widely different 
composition have already been prepared. Thus, various aluminates, 
ferrites, ferromanganese oxides and silicates, borates, calcium sul- 
phates, etc., have marked hydrauhc properties. A further study of the 
hardening of these compounds must eventually lead to the proof of 
the existence of hydration phases. 

YI. The Causes of Hardening of Portland Cements-. If a definite 
sihcate cement is selected, e.g. the compound 

5° 5° 



the following substances may be formed from it : 

5° 5° (3)(2) 

II " II 

{ 2 )_/\/\/\/\_( 2 ) ( 2 )_ 

^( 2 ) ( 2 )- 


(3)(2) 

II 



(2)(3) 


(2)(3) 

II II 

( 2 )_/\/\/\/\_( 2 ) 
( 2 )- -( 2 ) 
(2)_ Si A1 A1 Si 

( 2 )~\/\/\/\/“{ 2 ) 
II II 

(2)(3) (2)(3) 

(c) 

( 2 )( 2 ) 

II 



( 2 )_ 

( 2 )- 

( 2 )_ _ 

(3)"(2) (3)(2) 

(d) 


_( 2 ) 

“( 2 ) 

-h2Ca(0H), 


( 2 )( 2 ) 



| 2 )( 2 ) 


(2) 

(2) 


-1-4 Ca(OH)a 


etc. etc. 


If the hydration occurs as indicated in the above formulae at definite 
intervals and with a definite increase in volume, hydraulites are pro- 
duced in accordance with the authors’ theory. The absorption of 
water does actually occur in this manner, as will be explained ih the 
next chapter ; Zulkpwski®’^® has experimentally proved the increase in 
volume. He treated ground slag with water, and obtained a flocoulent 
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correct) must therefore be capable of extension to organic cements in which hydrosols 
are converted into hydrogels, forming cementitious substances, just as inorganic 
cements pass through definite hydration phases into stone-like masses. 

Bone-substance, which is essentially a highly basic calcium carbo-phosphate 
(p. 271), is probably derived from an organic cemeht whose hardening phases are 
analogous to those of Portland cement.] 


The OoDiseauences of the New Theory of Portland Cement 
and the Facts 

From the foregoing theory of the chemical constitution of the 
Portland cements and the corresponding hardening theory, a series of 
interesting consequences may be inferred, the value of which may be 
proved by means of the experimental material available. 

A 

From, the theory it follows that the calculation of the formulae 
of Portland cements from their analyses must lead to compounds, the 
existence of which is theoretically possible. The calculation of the 
formulae from a series of cement analyses fully confirms this conse- 
quence of the theory ; the high content of bases is particularly notice- 
able in some analyses. Whether the whole of the base is in actual 
combination is doubtful ; further investigations are needed to decide 
it. 

The formulae calculated from cement analyses (see A'p'pendix) are 
shown in the following Tables : 

(a) n MO • 3 RgOg • 12 SiOg • 2. 



AliOa 

FetOi 

CaO 

Mgoj 

KaO 

XaaO 

SO. 

00 a 

HaO 

I. 24 MO • 3 B 2 O 3 • 12 SiO, • 2 

1.50 

1.60 

26.00 

1.00 

0.26 

0.26 

0.6 

3 

2 

II. 34 MO • 3 B 2 O 3 • 12 SiOa 

2.00 

1.00 

34.00 

— 

— 

— 



— 

— 

in. 35 MO • 3 EjO, • 12 SiO, 

2.00 

1.00 

36.00 

— 

— 

— 

— 

— 

— 

IV. 36 MO • 3 B 3 O 3 • 12 SiOa • 2 

2.00 

1.00 

36.00 

0.50 

— 

— 

0.5 

— 

— 

V. 37 MO • 3 B 2 O 3 • 12 SiOa • 2 

2.00 

1.00 

36.00 

1.60 

— 

— 

0.6 

— 

— 

VI. 37 MO • 3 B 3 O 3 • 12 SiOa • 2 

2.00 

1.00 

36.25 

1.25 

— 

— 

0.6 

— 

— 

VII. 37 MO • 3 BjOa • 12 SiO^ * S 

2.26 

0.76 

36.00 

2.00 

— 

— 

1.0 

— .. 

— 

Vin. 38 MO • 3 B 2 O 3 - 12 SiOa • 2 

2.26 

0.75 

38.00 

0.60; 

— 

— 

0.6 


— 

IX. 39 MO • 3 B 2 O 3 • 12 SiOa • 2 

2.00 

1.00 

38.26 

1.25' 

— 


0.6 

— 

— 

X. 39 MO • 3 B 3 O 3 • 12 SiO* • 2 

2.50 

0.60 

39.00 

1.001 

— 

— 

1.0 



(b) nMO 

• 3 112^3 

10 SiOj. 







AliOa 


1 OaO 

MfifO 

K ,0 

NaaO 

SOa 

00 a 

HaO 

XI. 29 MO • 3 B 3 O 3 - 10 SiOa 

3.00 



29.0 







— 





XII. 34 MO • 3 B 3 O 3 - 10 SiOa 

2.26 

0.76 

31,6 

2.6 

— 



— - 



2 

Xin. 36 MO • 3 BjOa • 10 SiOa 

2.25 

0.75 

32.6 

1.6 

0.6 

0.6 i 

— 

; 

— 

(c) n MO • 3 R,0 

'a • 18 SiOa 

• 2 







^AlaOs 

FeaO, 

1 OaO 

|mcO 

KaO 

XaaO 

SO. 

CO, 

HaO 

XIV. 62 MO • 3 B,0, • 18 SiO» 



3.00 

1 52.00| 

l-l 





— 




XV. 64 MO ' 3 E,0» • 18 SiO, ■ S 

2.26 

0.76 

1 63.751 1.261 

— 

' — 

1 

. — 

— 
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I. Von Teicheck®^® has studied the hydration of a Portland cement 
of the formula 

MO = 44 CaO ■ 1 MgO, 

= 2.25 AljOs ’ 0.75 PeA- 
R^O= 0,75 Na^O • 0.25 K^O 
(see Appendix, Analysis XXV). 


45 MO • 3 R 2 O 3 • 15 SiOa • R'3S04 1 3 ® 



After 21 or 30 days 14-44 per cent, of hydration-water was found, 
which, according to theory, represents the addition of 36 mols. of water, 
as shown in the following equation : 

45 MO • 3 R 2 O 3 • 15 SiOa • R'3S04 + 36 H 3 O 
= 18 MO • 9 H 3 O • 3 R 3 O 3 • 15 SiOj -h 27 M(OH )2 -f R3S04 


hy ; 


In this case, the chief products of the reaction may be represented 




( 1 ) ( 1 ) 

{l)}—f ( 1 ) 

>/Ui) 

( 1 ) 

A1 1 ^ 

(i)>— ^1) 

(i) (1) 


-h 27 M(0H)3 + RiS04 



The percentage of water represented by the above formula is 14-21, 
which is in sufl&ciently close agreement with that found by experiment. 

II. ZulkowsM®^’ produced a cement by burning, at a white heat in 
a Seger furnace, a mixture of hme and Zettlitzer kaolin, the latter 
having a composition corresponding to AI 2 O 3 • 2 SiOa • 2 H 2 O. His 
results suggest one of the two following formulae for the cement he 
prepared : 



36 CaO • 6 AI 2 O 3 - 12 SiOa 


40 40 



36Ca0-6Al203-12Si02 
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CONSEQUENCES OF THE H.P. THEORY 


Zulkowski studied the hydration of this compound by reducing it 
to a powder, mixing it with water and forming balls ; these set when 
warmed gently for a quarter of an hour and became quite hard after 
one and half hours. These balls were then placed in water and were 
found to have become much harder after the lapse of several months. 

Zulkowski also found that a given cement after 7 days contained 
16*19% and after 30 days 17*05% of hydration-water. According to 
theory, 36mols. of water should enter into combination according to the 
following equation : 

36 CaO • 6 AI2O3 • 12 SiOg + 36 H^O 
(l)OH HO(l) 



_OH 

■^( 1 ) 

^( 1 ) 


+ 28 Ca(OH)2* 


OH** 


'OH 


(l)OH HO(l) 


The value 16*19% calculated from this formula agrees sufficiently 
well with the amount found by experiment. 


C 

The hydration of cements must take place very gradually. In 
determining the amount of water entering into combination during the 
hardening it is, therefore, necessary to be able to trace a gradual 
increase in the proportion of water in the material. This is confirmed 
by the results of a series of hydration experiments by Feichtinger®^®, 
who studied the behaviour, towards water, of the following hydraulic 
materials : 



20 30 2° 3° 

21 MO * 3 R2O3 • 15 SiOa - Zf 22 CaO - 3 R^Os • 15 SiOg * 

(Analysis XVIII, A'ppendix) (Analysis XIX, Appendix) 

1 (B) 2 ( 0 ) 

* 4000.8 gms. of the hardened cement mass contain 18x36 = 648 gms. water or 

64800 ^ ^ 

=16.19 per cent, water. 

t 2=2.5 R"COa + 0.6 RJSO 4 +H 2 O. 
t 2=0.5 MgCOa + O.S RaS04+2 HjO. 
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44 CaO • 5 R 2 O 3 • 18 SiOg • 2 * 26 CaO • 6 E 2 O 3 • 18 SiO^ -Sf 

(Analysis XXXIX, Appendix) (Analysis XXX, Appendix) 

3 (A) 4 (n) 


Samples B, C and D were Bavarian hydraulic limes, obtained by 
burning marl ; A was a Portland cement. The sample D con- 
tained 13 mols. free lime (as shown by Feichtinger’s experiments), 
but in the other silicates the whole of the lime was in a combined 
state. 

The hydration experiments were carried out as follows : a small 
quantity of cement was placed in a suitable vessel and weighed accu- 
rately. It was then mixed with a little water and was afterwards 
immersed in water. To determine the amount of water which had 
entered into combination, the samples were dried at 100 ° C. and the 
increase in weight was attributed to the combined water. 

Calcium hydrate only loses aU its water at a red heat ; at 300° 0. 
only a portion of it is removed. According to Feichtinger, the silicate- 
water is also driven oflf at this temperature. By deterihining the 
proportion of water evolved at 300° C. and deducting it from the 
total combined water, the difference shows the proportion of water in 
combination with the lime. 

The following Tables — ^which are based on Feichtinger’s researches 
— show the manner in which the water was evolved. 

In Table I : 

gf=the total weight of water which combines with 100 parts of 
cement in time t, 

5 =the weight of water which is evolved at a red heat from 
100 parts of the mixture of cement and water at 300** C, i.e. 
water combined with the silicate. 

g — ^5=the weight of water which is evolved at red heat from 
100 parts of the mixture of cement and water, i.e. water com- 
bined with lime as Ca(OH) 2 . 


♦ 2=1.5 11^00,4-1.5 RaCO34-0.5 HjO. 

t 2=2 11^0084-0.5 3 Sra,S 04 -hl 3 Ca04-2 HgO. 
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Table I 



1 (B) 

1 2(C) 

3(A) 

(4)D 

t 

9 

8 

g—8 

9 

8 

9—8 

9 

8 

9—8 

9 

8 

g—8 

Immediately 













after mixing 













with water. 

1.28 

1.28 

— 

0.61 

0.61 

— 

0.99 

0.99 

— 

6.79 

1.40 

5.39 

After 4 hrs. 

1.67 

1.67 

— 

0.71 

0.71 

— 

1.41 

1.41 

— 

7.80 

2.42 

5.38 

»> 

20 

.. 

2.08 

2.08 

— 

1.14 

1.14 

— 

2.29 

1.60 

0.69 

8.26 

3.08 

5.18 

>> 

3 days 

3.42 

3.42 

— 

1.82 

1.82 

— 

5.62 

3.80 

1.82 

8.87 

3.30 

5.57 


7 


3.85 

3.85 

— 

2.15 

2.15 

— 

6.58 

4.76 

1.82 

11.20 

4.20 

7.00 


14 


4.46 

4.46 

— 

2.63 

2.63 

— 

7.96 

5.90 

2.06 

11.80 

4.64 

7.16 

if 

18 

» 

5.00 

4.40 

0.60 

2.84 

2.84 

— 

8.45 

6.20 

2.25 

11.86 

4.60 

7.26 

t> 

21 


5.84 

4.50 

1.34 

3.46 

3.46 

— 

8.91 

6.43 

2.48 

12.75 

5.30 

7.45 

ti 

24 

9i 

5.89 

4.42 

1.47 

4.36 

4.36 

— 

10.40 

6.60 

3.80 

13.68 

5.60 

8.08 

if 

28 

9i 

6.86 

4.46 

2.40 

4.90 

4.30 

0.60 

10.52 

6.50 

4.02 

13.92 

5.82 

8.10 

a 

35 

» 

7.68 

4.52 

3.16 

5.66 

4.25 

1.31 

11.43 

6.63 

4.80 

14.30 

6.18 

8.12 


42 


8.30 

4.48 

3.82 

6.20 

4.30 

1.90 

11.35 

6.60 

4.75 

14.68 

6.60 

8.08 

if 

49 

9i 

8.92 

4.40 

4.52 

7.08 

4.20 

2.88 

11.50 

6.58 

4.92 

14.50 

6.56 

7.94 

if 

66 

9t 

9.13 

4.46 

4.67 

7.34 

4.25 

3.09 

11.60 

6.64 

4.96 

14.73 

6.60 

8.13 

if 

80 

9i 

9.50 1 

4.40 

5.10 

7.40 

4.20 

3.20 

11.56 

6.60 

4.96 

14.65 

6.56 

8.09 


In Table II : 

fjL, jULi, JUL 2 and juLs are the molecular weights of the hydraulic 
binding materials. 

y=the number of molecules of water which combine with julu 
etc., parts of cement in time L 

cr=the amount of water, in gramme-molecules, lost by /x, etc., 
parts of the mixture of cement and water at 300°, i.e. water 
combined with the silicate. 

y — cr=the number of molecules of water which are only evolved at 
a red heat from /jl, etc., parts of the mixture of cement and 
water, i.e. water combined with lime as Ca(OH) 2 . 

Table II 




)u=2777.4 


=2659.4 

/a2=4585 




1 (B) 


2(C) 


3 (A) 



4(D) 



t 

7 

<r 

y- <T 

7 

(T 

7 - <r 

7 

(T 

7 — <r 

7 

! ^ 


Immediately 
after mixing 
with water. 

1.97 

1.97 


0.90 

0.90 


2.50 

2.50 


16.30 

3.36 

12.94 

After 4 hrs. 

2.58 

2.58 

— 

1.04 

1.04 

— 

3.59 

3.69 

— 

18.75 

5.82 

12.93 

if 

20 „ 

3.21 

3.21 

— 

1.68 

1.68 

— 

5.97 

4.07 

1.90 

19.86 

7.40 

12.46 

99 

3 days 

6.27 

5.27 

— 

2.69 

2.69 

— 

14.32 

9.68 

4,64 

21,33 

7,93 

13.40 

if 

7 „ 

5.94 

5.94 

— 

3.17 

3.17 

— 

16.77 

12.13 

4.64 

26.93 

10.19 

16.74 

99 

14 „ 

6.88 

6.88 

— 

3.97 

3.97 

— 

20.28 

15.04 

5.24 

28.37 

11,16 

17.21 

if 

18 „ 

7.73 

6.79 

0.94 

4.19 

4.19 

— 

21.53 

15.80 

5.73 

28.51 

11.06 

17.45 

99 

21 „ 

9.01 

6.94 

2.07 

5.11 

5.11 

— 

22.70 

16.38 

6.32 

30.65 

12.74 

17.91 

ft 

24 „ 

9.08 

6.82 

2.26 

6.44 

6.44 

— 

26.50 

16.82 

9.68 

32.89 

13.46 

19.43 

it 

28 „ 

10.58 

6.88 

3.70 

7.24 

6.35 

0.89 

26.80 

16.95 

9.85 

33.46 

13.99 

19.47 

ft 

35 „ 

11.85 

6.97 

4.88 

8.21 

6.28 

1.93 

20.13 

16.89 

12.24 

34.38 

14.85 

19.63 

99 

42 „ 

12.81 

6.91 

5.90 

9.16 

6.35 

2.81 

28.92 

16.82 

12.10 

35.29 

15.87 

19.42 

9t 

49 „ 

13.76 

6.79 

6.97 

10.46 

6.20 

4.26 

29.30 

16.77 

12.53 

34.83 

15.77 

19.08 

99 

66 „ 

14.09 

6.88 

7.21 

10.85 

6.28 

4.57 

29.56 

16.92 

12.64 

35.41 

15.87 

19.64 

99 

80 „ 

14.66 

6.79 

7.87 

10.93 

6.20 

4.73 

29.45 

16.82 

12.63 

36.22 

15.77 

19.45 
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These Tables agree with the theory in showing a gradual absorption 
of water. Thus 1 B, Table II, shows that on mixing the cement and 
water together only 2 mols. HgO enter into combination, but that after 
20 hours 3 mols., and after 18 days 7 mols. of water are combined, A 
gradual combination of water may also be observed in the case of 
silicates 2(C), 3(A) and 4(D). 

It should be noticed that, according to Table II, some of the CaO 
in the materials studied by Feichtinger split off before the sihcates 
had taken up the maximum quantity of water. Thus 1(B) can bind a 
maximum of 9 mols. of water, but the lime splits off when only 7 mols. 
(after 18 days) are combined. After 80 days this silicate took up no 
further quantity of water. A similar result is observable with 2(C), 
which is analogously constituted. In this case, the lime separates 
when 6 mols. have entered into combination, buk only after 28 days. 
With Portland cement 3(A) the lime separates after the combination 
of 4 mols. of water, i.e. after 20 hours. In the compound 4(D) the 
hydration of the silicate molecule occurs somewhat rapidly, on account 
of the presence of free lime. After 20 hours the sihcate molecule 
combined with about 7-5 mols. H 2 O. The separation of the hme began 
only after 3 days, after 8 mols. of water had entered into combination. 

The structural formulae 1(B), 2(C), 3(A) and 4(D) show clearly the 
reason for the separation of the lime at an earlier stage than is the 
case with other hydraulites. The larger the basic side-chains the 
weaker must be the bond of a portion of the lime. The structural 
formula of Portland cement shows 4^^- and 6®- side-chains, whereas the 
structural formulae of the other compoxmds show at most only 2®- or 
3®- side-chains. 

The figures 16.82 and 16.77 molecules of cr-water,* which are taken 
up, after 80 days, from the compounds 3(A) and 4(D), at first appeat to 
be opposed to the authors’ theory, as for the latter the maximum is 10 
mols. < 7 -water (or 11 or 12 mols. if the Al-OH-groups are included). 
From Feichtinger’s results it is, however, clear that part of the water 
he regarded as cr-water was really in the form of water of crystallisa- 
tion.” Feichtinger re-heated the cement masses 1(B), 2(C), 3(A) and 
4(D) to redness and obtained a fresh hydration. These results are 
shown in Tables III and IV. From Table IV it wiU be seen that the 
cements 3(A) and 4(D) give similar results for o-. But, shortly after mix- 
ing, the cement 3(A) tookup 7.49, and cement 4(D) 3. 6 mols. of Water, so 
that this portion of the water behaves differently from the remainder. 
If these amounts are regarded as water of crystallisation,” the 
remainder (16.82-7.49=9.33, and 15.77—3.6=12.17) may be termed 
“ water of constitution,” i.e. the compound 3(A) has taken 9, and 4(D) 
about 12 mols. of silicate- water into combination in the form of 
hydroxyl groups. 


* For definition of <r- water see previous page. 
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TABLE IV 



fi-. 

= 2777.4 

Ml 

= 2659.4 

jU-g — 4585 

Ms ==4:327 


1 (B) 

2(C) 

3(A) 

4(0 

t 

7 

cr 

y — ff 

7 

<r 

7 - cr 

7 

cr 

y — c 

7 

<r 

y — c 

Directly 
after mmiag 












16.36 

with water. 

6.17 

1.85 

4.32 

1.83 

0.73 

1.10 

19.97 

7.49 

12.48 

19.96 

3.60 

After 6 hrs. 

6.48 

2.47 

4.01 

3.39 

1.03 

2.36 

20.10 

7.69 

12.41 

— 

— 

— 

„ 36 „ 

7.96 

3.02 

4.94 

4.61 

1.77 

2.84 

21.91 

9.38 

12.53 

22.98 

5.65 

17.33 

„ 60 „ 

8.46 

3.11 

5.35 

6.61 

2.06 

3.54 

23.44 

11.08 

12.36 

— 

— 

— 

„ 6 days 

9.63 

3.54 

6.09 

6.28 

3.25 

3.03 

24.97 

12.40 

12.57 

26.39 

9.39 

17.06 

„ 8 „ 

10.12 

3.98 

6.14 

6.50 

3.43 

3.07 

26.75 

14.27 

12.48 

— 



— 

„ 12 „ 

10.65 

4.86 

5.79 

6.79 

3.54 

3.25 

28.13; 

15.80 

12.33 

30.79 

11.20 

19.59 

„ 20 „ 

11.96 

5.92 

6.03 

8.09 

4.95 

3.14 

30.171 

16.71 

13.46 

— 

— 

— ' 

„ 24 „ 

12.03 

5.93 

6.11 

9.57 

5.94 

3.63 

29.56 

16.97 

12.59 

— 

— 

— 

» 40 „ 

12.84 

6.34 

6.50 

10.43 

6.23 

4.20 

— 

— 

— 

— 

— 

— 

» 60 „ 

13.92 

6.82 

7.10 

10.64 

6.17 

4.47 

— 

— 

— 

— 

— 

— 


A comparison of the figures in Tables III and IV shows that the 
hydration phases of the regenerated hydraulite (made from a hardened 
cement by re-heating) follow each other more rapidly than do those of 
the original cement. From this it may be concluded that the hardened 
masses were not properly burned, as otherwise the hydration phases 
in the regenerated cement would occur in precisely the same manner as 
in the original cement. These results make the possibility of repro- 
ducing fresh cement from hardened masses highly probable. 

As the hydration phases follow each other more rapidly than in the 
original cement (Tables I and II) a much lower degree of hardness must 
be obtained in the case of regenerated cements when they are mixed 
with water and allowed to set and harden. This was actually the case in 
Feichtinger’s experiments. 


F 

Thermo-chemical studies of hydration and hardening processes must 
lead, in the case of cements which contain free lime, to results which 
are different from those in which the whole of the lime is in a com- 
bined state. 

In cements of the former kind there are theoretical reasons why a 
development of heat must occur at the commencement of hydration 
(the hydration heat of the CaO) ; and in cements devoid of free hme a 
perceptible development of heat can only occur after an interval, viz. 
at the moment when the separation and hydration of the first CaO 
molecule occurs. 

As a matter of fact, Feichtmger did observe a noticeable develop- 
ment of heat during the hydration of cement 4:(D), which contains free 
lime. 

In this connection the results of W. Ostwald’s thermo-chemical 
studies following cements are particularly interesting ; 
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Analysis XII.* 

A. 34 MO • 3 E2O3 • 10 SiOa • 2 H^O { 


31.5 CaO • 
2.25 AI2O3 


2.5 MgO 
• 0.75 FejOj. 


B. 

0. 

D. 


Analysis XXVIII. 

92MO-6R2O3-12SiO2-3MgCO3l0H2O { 
Analysis XXXI. 

74 MO - 6 R2O3 • 18 SiOj • 3 MgC03 8 H^O { 
Analysis XXXII. 

76 MO • 6 II2O3 • 18 SiOg • MgCOj • 4 H2O { 


92 MO = 89 CaO • 3 MgO 


74 Mo == 71 CaO • 3 MgO 

6 R2O3 = 6 AI2O3 • FcaOa- 


76 MO = 72 CaO • 4 MgO 
6 R2O3 = 5 AI2O3 • Fe 203 . 


E. 


Analysis XXXIII. 

90 MO • 6 R2O3 • 18 Si02 • 4 MgC03 • 10 H2O 


r90 MO=:86CaO-4M:gO 

1 6 R203=5 AlgOg-FegOa. 


These results are summarised in the following Table : — 


Time 

A 

B 

C 

D 

E 

2 hours 

7.53 

20.53 

9.94 

\ 34.01 

20.47 

6 „ 

10.09 

37.05 

12.23 

36.46 

29.57 

1 day 

18.79 

41.35 

15.32 

1 38.39 

39.78 

4 days 

— 

46.16 

: 29.72 

— 

— 

5 „ 

— 

47.17 

32.10 

— 

— 

6 „ 

— 

57.96 

33.56 

— 

44.34 

7 „ 

— 

65.63 

40.21 



51.55 


Ostwald drew attention to the great increase in heat evolved on the 
6th, 6th and 7th days and suggested that after this time a new stage in 
the hardening process occurs and is accompanied by a fresh develop- 
ment of heat. This noticeable development of heat — ^for which, 
hitherto, no satisfactory explanation has been given — ^is readily under- 
stood in the light of the new theory. It is the moment of hydration of 
the calcium oxide hberated from the silicate molecule. 

Further references to the development of heat during hardening will be found in 
the Bibliography under No. 322. 


G 

As the most important hydraulic limes are aluminosilicates, it 
must, theoretically, be possible to observe the conversion of primary 
into secondary types by the action of alkahne solutions of definite 
concentration. This deduction has been confirmed by some experi- 
mental results obtained by Feichtinger^^^. He treated the hydraulic 
mortars A, B, C and D (both in the fresh state and after they had been 
allowed to harden for some time)with aqueous solutions of sodirun and 
potassium carbonates, and allowed these reagents to act for some time. 


* For the analytical figures, see the corresponding numbers in the section on 
Portland cements in the Appendix. 
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A definite quantity of silica and a little alumina was dissolved, the 
amounts being expressed in percentages and molecules in the following 


Table : 


TABLE V 



%SiO, 

Molecules Si02 

A 

B 

C 1 

B 

A 

B 

C 

i ® 

In fresh state . 

2.63 

5.09 

6.78 

4.24 

2.17 

4.11 

2.98 

2.13 

After 14 days . 

1.66 

3.72 

6.05 

2.86 

1.34 

3.00 

2.66 

1.90 

„ 3 months 

1.42 

; 2.50 

6.80 

2.40 

1.14 

2.02 

2.66 

1.82 

5 . . . 

1.04 

1 2.10 

6.26 

2.12 

0.84 

1.70 

2.31 

1.65 


From this Table it may be seen that the Portland cement A is a 
basic salt of the type 

Si • Ai • si • Al • Si 

and, in the fresh state, parts with 2 mols. Si 02 , forming t 

Sr-M-Si-M-a. 

Similarly, the alkaline solution reacts on the hydrauhc hme D, 
which is a compound of the type 

Si • Al • Si • Al • Si. 

It forms a compound of the type 

ST-Al-Si-Al-Sr, 

and it is interesting to note that the cements B and C, which are both 
basic salts of the type, 

. /Si 

Al;;;—^ 

^Si 

do not, when in the fresh state, part with the same number of mole- 
cules. 

From B — with the liberation of 4 mols. Si02 — compound 
ST • * Si • Si • Al • Si , 

and from C a salt of the anhydride 

AAA 

Si- Al -Si, - 

are produced. The last-named shows that hexa-compounds may, in 
some cases, be produced by the action of alkalies on penta-com- 
pounds. 

Table V also shows that the solubility of the silica diminishes as 
the cement mass hardens. This fact is also in agreement with the 
theory, according to which a separation of OaO from the hydraulites 
A, B, C and D should occur and the combination between the alumina 
and silica radicles should be intensified. 
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H 


The separation of CaO in hydraulic binding materials, which is a 
result of the action of dilute hydrochloric, sulphuric, carbonic and other 
acids, of alkaline carbonates or, in some cases, of water alone (Portland 
cements), must take place in accordance with certain definite stoichio- 
metrical laws. Valuable contributions to the support of this statement 
have been made by Feichtinger®^^ and Schott^^s, 

Feichtinger has studied the action of water containing carbonic 
acid on the cements 1(B), 2(C), 3 (A), 4(D) and also on the silicates : 

20 40 



24 CaO • 3 R2O3 • 15 SiOg • 2* 24 CaO • 3 RgOg * 12 SiOg • 2 f 

Analysis XX, A'ppendix. Analysis I, Appendix. 

5 (E). 6 (F). 

Feichtinger’s object was to discover whether the whole of the lime 
in the hardened material could, in this way, be converted into calcium 
carbonate or whether this conversion was confined to a portion of the 
lime. Although he allowed CO 2- water to act on the hardened material 
for 1 J years, he was unable to convert the whole of the lime into CaCOa ; 
a part of the lime remained combined with the silica. Unfortunately, 
Feichtinger did not publish the data on which he bases his conclusions 
regarding the proportions of lime in the free and combined state after 
IJ years. The following Table shows the progress of the decom- 
position, studied by Feichtinger, during only 6 months : 


TABLE VI 


Conditions of Experiments 

Percentage of CO a 

A 

B 

The mortar lay 3 months in clean water 

4.2 

8.1 

After this for 1 month in CO^- water .... 

14.4 

16.3 

„ 2 months » „ .... 

16.7 

19.2 

3 .... 

18.2 

19.4 

• » 4 ,, yy 9t .... 

20.8 

19.4 

>> >> 6 ,, yy ft .... 

20.9 

19.4 


♦2 = 4 KCO, + 0.25 NaaS04 + 2 HjO. 

3 R,Os = 1.6 AljsO, • 1.6 FejOa. 

4 RCO, = 2.6 CaCOj • 1.6 MgCO,. 
1 2 = 3 RCO, 4- 0.6 RjSO* + 2 H^O. 

3 RjOa = 1.6 AlgOa * 1.6 FejOj. 

3 RCOj = 2 CaCO, • MgCO,. 
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TABLE Vn 


% CaO (calculated) 

% CaO (found) 

X COi taken up by the 
mortar in 5 months 

Mols. COa taken up 
by the mortar In 5 
months 

Mols. combined CaO 
in fresh mixed mortar 

Mols. combined CaO 
after 5 months 

Theoretical amount of 
CO»in% 

Molecular Weight of 
Mortar 

Classification (after F.) 

Free lime in the freshly 
mixed mortar 

Total Mols. CO, in 
‘ Mortar 

41.36 

40.90 

22.5 

16 

24 

8 

23.45 

2860.8 

F 

0 

19.0 

38.12 

36.13 

i 19.4 

12 

21 

9 

19.30 

2777.4 

B 

0 

1 14.6 

37.48 

37.10 

! 21.2 

16 

22 

6 

21.59 

2659.4 

C 

0 

1 16.5 

39.66 

36.80 

21.3 

15 

24 

9 

22.29 

3090.9 

E 

0 

19.0 

43.84 

42.30 

20.9 

26 

44 

18 

22.27 

4586.0 

A 

0 

29.0 

41.13 

41.70 

24.0 

27 

26 

12 

23.14 

4327.0 

D 

13 

1 29.0 


Table VII is of special value, as it allows the inference that the 
following products have been formed by the action of carbonic acid on 
the hydraulites F, B, C, E, A and D : 




20 30 2° 


1 2 ° 1 



A. 


D, 


A glance at the above structural formulae shows that the separation 
of CaO must be in accordance with quite definite laws. Hence it 
follows from the structural formulae A and D that : 

1. The lime is combined more strongly with the middle hexite and 
cannot be so easily separated as it can from the side hexites, and 
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The structural formula H suggests a comparison with the formula 
B previously given. The decomposition, so far as the separation of 
lime is concerned, occurs in a similar manner ; this can scarcely be a 
mere coincidence. 

More hydration phases occur under the action of alkaline carbonates 
of certain concentration than with water alone. Hence, in such cases, 
the cement masses must attain a greater hardness, as Schott has shown 
experimentally. 

It is, therefore, very important to ascertain the nature of the 
action of carbonic acid on hardened mortar, as a clear conception of the 
changes which occur to cement mortars hardening in air may then be 
obtained. The secondary hardening of cements allowed to set in air 
must be chiefly referred to the action of carbon dioxide and moisture 
in the air. 

As the cement mortar, in such a case, undergoes a large number of 
hydration phases which follow each other very slowly, storing in air 
ought to give a harder product than is obtained by storage underwater. 


J 

In a hydraulite of the composition 


4 °= 

4°= 


5 ° 5 ° 

II II 

/\/V\=40 

Isil AllSiL^o 


it is possible to remove a portion of the lime by means of hydrochloric, 
carbonic or other dilute acids, or of dilute ammonium carbonate 
solution. The following compounds may be produced in this manner : 



1 . 2 . 3 % 

These compounds may, in the presence of water or dilute alkalies^ 
undergo a series of hydration phases. Hence, if a portion of the lime 
is removed from combination with the cement by means of dilute acids, 
it must, to a certain extent, retain its hydraulic properties. 

Fremy®27 has experimentally removed a portion of the lime from 
hydraulic Ernes, and has treated the residue with dissolved Erne, with 
the result that the mixture hardened. ZuIkowsM^^® repeated Eremy’s 
experiment, and found that as much as 14 per cent, may be removid 
from some Portland cements without destroying the power of the 
residue to harden when mixed with water.. 
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lime. Tie silicate molecules, being derivatiTes of clays, must be 
resolved into compounds of the type 

a-Al-Al-a, Sl-Al-Al-Si, or ^-AT-AI-^ 

(see p. 107). 

So far as the authors are aware, no experiments to prove this have 
yet been made. 

0 

From the theory, the possible existence of isomers of the sihcate 
cements may also be inferred. Thus the compounds 





are isomeric. XJp to the present these isomers have not been investi- 
gated. 

P 

Good hydrauKtes ought only to be producible by mixing hydro- 
aluminosilicates (clays) with limestone or chalk in theoretical stoichio- 
metric proportions, the ash of the fuel (alumina, silica, lime and alkali) 
used being also taken into consideration. 

As a matter of experience it is well known that for each mixture 
only definite proportions of clay and hme can be used to produce good 
cements. These proportions are usually found empirically, but the 
formulae given by the authors show that these empirical proportions 
agree with the ones theoretically the most suitable and that the 
empirical proportions are scientifically correct. 


Q 

A New Investigation of the Sea 'Water Question 

Schuljatschenko®^® correctly states that it is very difficult 
to ascertain accurately the cause of the destruction of masonry 
exposed to the action of the sea ; i.e. whether it is due to the pro- 
perties of the bonding material (cement), to external influences such 
as sand, to incorrect proportions of the materials used in the concrete, 
to the porosity or to the low density of the cement blocks, etc. There 
can be no doubt that all these factors have some influence, but the facts 
seem to show that, in many oasis, the chief cause of the decomposition 
of maritime masonry is the action of sulphur compounds. That this 
inference is generally true is shown by the fact that a large number of 
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investigators have, for many years, endeavoured to ascertain what 
substances are formed by the action of calcium sulphate on 
cements. 

It is generally agreed that Portland cements contain compounds of 
lime and alumina, and Candelot^®^ and Michaelis®^^ have concluded 
that, by the action of gypsum or plaster of Paris on hardened cement 
masses, certain calcium sulpho-aluminates are formed, and that these 
are one of the causes of swelling of cements* Schott also investi- 
gated the action of gypsum (plaster of Paris) on normal Portland 
cement and on analogous cements in which the alumina is replaced by 
iron oxide. In both cases he noticed that decomposition occurred, so 
that the formation of a calcium sulpho-aluminate or sulpho-ferrate 
appears to be probable. Schott did not, however, agree with the 
investigators just named that the swelling action of gypsum (plaster) 
is due to the formation of sulpho-aluminates or sulpho-ferrates. Le 
Chatelier^^^, on the contrary, is in favour of the formation of a definite 
calcium sulpho-aluminate and, like DevaP^®, endeavoured to ascertain 
the action of various sulphates on cements containing various propor- 
tions of alumina. 

Rebuffat^®® also found that there is a number of different calcium 
sulpho-aluminates. He doubted, however, whether the destruction of 
maritime masonry could be referred to the formation of these com- 
pounds. Here again, it should be noticed, the swelling and disinte- 
grating effects which occur when gypsum (plaster) is present in the 
cement were also attributed to the last-named substance. The chief 
description of the disadvantages of sulphates on cements is that of 
Schiffner^®’, who had collected a number of instances in which the 
decomposition was unquestionably due to the action of sulphur com- 
pounds on the hardened cement masses. Some of these interesting 
examples may be mentioned here : 

1. In the walls of a railway tunnel, the effects of some destructive 
action were observed. The mortar came out of the joints in the form 
of a milky fluid and carried with it all the sulphate, so that the cement 
was considered to be bad. It was only after a very careful examination 
that it was found that the overlying rocks contained sulphurous lignite 
which became oxidised to sulphates, the latter causing the destruction 
of the cement. 

2. In a concreted gallery in a mine in Alsace-Lorraine the walls I 

became moist and porous in parts. The greater portion of the i 

structure was in exceptionally good condition, so that it was im- 1 

possible to blame the cement, but in some portions boil-like swellings | 

appeared, the mortar becoming semi-fluid and the joints loose. | 

A closer examination showed that the nature of the water in the j 

neighbourhood of the gallery contained calcium and magnesium | 

sulphates in sufficient quantities to effect a partial decomposition of i 

the concrete. 

3. According to Grauer, cracks and characteristic white crystals 
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iti tlM» jtiitilH a Huwtjr built of briclcH laid in comont- In 
thin iii.'^tain'i* th« »ulphaU‘« worts intrtnlucotl by the mswago. 

4. Asfunliiig to I A' CJhateher, tleferte iii)jHsart*d in tins cement UHcd 
in the IhtriH fortifirationK iHTauws tliiH wa« qniks clone to the famous 
gypnmn beds. In this instance the sulphuric acid in the cement rose 
from »».4 to per cent. 

r*. In a funnel near Almcria (Spain) the mortar swelled a few 
nionths after it Inwl Imen fmishecl. The sulphurit! acid content rose 
from <h:t to 2.3 jnsr cent. The gresund water contained 2 g. (jalcium 
sulphate and 1 1 g. magnesium sulphate {>er litre (or 14U and 105 grains 
per gallon res|M*clively). 

ti, A railway viaduct, which paswsd through a clay dejmsit con- 
taining gypsum and throtigh gypsum ImmIs, suflertKl seriously because 
the drainagf? water was saturate with gypsum. 

These instances are suflicient to show the si^rious a<'tion of sulphur 
compoHiifls on ceiiient, ami the question arises as to whether any 
information may Ih* gaint^d from a stmly of the lionstitution of the 
<-ements, or from the ohwrvatious ami exjHsriments winch have been 
made, %vherehy thisacti*m may Imexplaimsfl.and.if possihle, prevent4sd. 
The reader may be siirpriserl to learn that this question ean he answered 
in the allinnative in the folhiwing manner : 

If water is ailowwl to act on a typieal Portland cement such as : 

4’ OK OK I” 

I j I B 

;V-AHi!AliAl!Sirt-2 

A. 

a hard, cement mass with the fonnula 
(2) OH OH (2) 

Hi 1 Al I Al : 8i + X Ca{OH), + 2 


(I) OHcillfb 

4, 


m fiiriniMl. 

Frym lilt ftimniln II it mmy \m thftt tli© iiliimtd of the hardened 
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mwiiiH iiiijirolmhU* that S»!unim«iHils< n!i«H ^ull li»' High 

uri'H iin' , »« 'riiiiKnl I hut* f-how n t hiif l hr lornmt j«ii 

<4 till* Si-alnmjiuiHjlirHlvH {wxliiliti’t') limy tsihi* |ihM i> nt I«tw li injura- 
furi'H in till* jiri’M*nt’i' »»f wiliiliuijH »<f ^niiiihh- wiUh. Ah tin* fiminitiim 
of thi'HO i*ul»htiu»« I'x in iM riim}«u»ji’«} l»y n < hnngt' in voititm-, il i'* » }i'»r 
timt thr Imnlfiirii ri'ijii’Hl. HU' h nn |l, luiiHt rrm k if ifn hyilrxgi n iin 
rofiliM « ti hy iM-iiin or »» id riidirli-H (|i, find tlm! it may i«- » oiii|»ki«dy 

dfittroyiHl. 

Hi'inr il fnilmvH thill th«’ iiuthurH’ « fim'iit thi-ory {H-rmilH th«* 
tinii Ihiit till’ of Hiiljdmti'H on rrmi nt will t»r a< r i(,iu}«uiicd 

hv diHiiHlritiiH ri’HuitH. Tin* jt<)w,dtiiity »>f thr diHinffgrnlion <4 iimrtliim' 
niiMwinry hy tin’ »< tion «4 ihn wiljdmt*’!* i4 rah imn, miigiii'Hinm, Hi-., in 
thi* ura wiitH iH tln-ri’hy t’Xjditiiiiil. 

Thi'fi* now* rHimiiK* tin* ijiii*»l loii iiw I** %ihrth«*r ihiw w-tioMH in tkin of 
Mil Wiifof I iin hr. in iiny wi»y. }»rt' vi ntni. In rttmm whi ro llir di«!rtio- 
ijon of tho work it* i-in hjHivi-ly .ontinMl to tin* iirfion rtf th«? 

wii wfttor, till’ iiJOHi itfti ii>f«« lory wduiion r4 lln- jirohtfiii will ho found 
in flto MM' of ri'inmtH in whi*h no ll•hydroSrylI♦ r#n In* foriin'ti, 
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If ihil* infori'io'i' fr<»in ihr theory mn In* j»rovi-fl I’tju-rinii'nlttlly-^iMid 
tb«* prai tir»! oJMw-rv»iioni» »nd i'*j>« riini*nt«l rowiili* provioiotly men- 
tionwl iilnioH »moMnt to «irh » }iriM4 an intoroHing and iniiairtont 
pfiHiira! ri'imlt would la* ol4»iinr«l from purrly tlM-«r»'li« a! roa«itiing, 
and would fi»rtn a notahlo ittoji in tho ilirr* ttun of a noltili'in of th« 
“ n*a-»atrf |»rohlHn.’‘ 


From th» thi'ory it follotta that, from « lay# roniaininR »>hy«lroxylii. 
i-onijaiiind# twiat In* {irrahiribk' wliirh rontaitt Iwith liydratiliii'# ami d- 
or £-aIiiminai«*w or Mliramarinr#, i n. pignirnt* with hy«lra«lic pro- 
|>nrtH'« aurh a# : 
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etc. 


It will be interesting to learn whether this prognosis can be proved 
by the actual production of such substances. 


XIV 

A New Theory of the Silicate or Porcelain Cements 

Certain kinds of transparent silicate cements, which are conveni- 
ently known as porcelain cements, have been used for some years 
as dental-stopping materials. The first of these porcelain cements was 
discovered and patented in 1878 by T. Fletcher®^®, but it did not 
fulfil his anticipations and rapidly fell out of use.®®® An interval of 25 
years appears to have elapsed before any other porcelain cements were 
produced, and these were of a different composition. Those placed 
on the market in 1904 by Ascher and others were heartily welcomed 
as new discoveries in dentistry, and they rapidly attained great 
popularity on account of their valuable characteristics. 

It may be here pointed out that the porcelain cements appear 
likely not only to replace the zinc phosphate cements and amalgams, 
but also the burned enamels and the ‘‘ queen ’’ of stoppings — ^gold — ^in 
practical dentistry 1 Morgenstern has expressed himsefi as follows 
respecting these new stopping materials : ®^® Porcelain cement, when 
properly selected and prepared, sets to form a mass with a remarkable 
resemblance to natural teeth, both in colour and transparency and 
possessing a gloss which is confusingly like that of natural dentitic 
enamel. These stoppings have no objectionable features, and in no 
way harm the teeth, and they have a great advantage over gold and 
the burned enamels in that they save the dentist thousands of hours of 
work and greatly economise his health and power. They save the 
patients many a painful hour and have great pecuniary advantages.’’ 

Porcelain cements consist of two ingredients — a powder and a fluid. 
According to Sanderson, Fletcher’s powder was composed of aluminium 
hydrate, zinc oxide or magnesia and a basic zinc silicate. The powders 
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of the new porcelain cements consist chiefly of calcium alumino- 
silicates. 

The fluids of the new cements differ from that of Fletcher chiefly 
in their consistency. Fletcher’s fluid was a syrupy solution of alu- 
minium phosphate in phosphoric acid, whilst the newer ones are less 
syrupy and consist chiefly of alumina and phosphoric acid. There was, 
until recently, a cement of which the powder resembled that of Fletcher 
and consisted chiefly of calcium aluminosilicate and zinc oxide. The 
fluid had a consistency resembling that of Fletcher’s fluid, but was 
chiefly composed of alumina and phosphoric acid with a large pro- 
portion of zinc oxide. It differed from Fletcher’s cement because it 
was a practicable, dental-stopping material. 

On mixing the silicate powder with the fluid, there is immediately 
formed a transparent mass which is at first plastic — ^in distinction from 
the earlier zinc phosphate dental cements — ^but rapidly becomes quite 
hard. 

The powder of the new cements contains the same constituents as 
the Portland and slag cements, but instead of the fluid being pure water 
or alkaline water, acids (aluminophosphoric acids), or solutions of acid 
salts (aluminophosphates), are employed. 

From a scientific point of view it is highly important that an 
investigation should be made with a view to ascertaining the constitu- 
tion of the porcelain cements in order to solve a number of physical 
and chemical problems in connection with their setting. This investiga- 
tion appears to be all the more necessary when the available experi- 
mental results and the theories already formulated are critically 
examined. If the new hexite theory proves of use in this investigation, 
it will not only add to the value of the theory itself, but will clear many 
problems of enormous and pressing importance in surgery and particu- 
larly in dentistry. 

The new silicate cements — ^with the exception of those containing 
a large proportion of zinc oxide both in the powder and in the fluid 
portion — ^have one serious drawback : they have a destructive action 
on the nerves {'pulpa) of the teeth. For this reason there has long been 
a dispute as to the best means of preventing this poisonous action. 

In regard to this and to several other problems — e.g. the best 
methods of testing the durability, density and hardness of such cements, 
both in the laboratory and in the mouth — ^much remains to be done. 
It is, however, clear, that in all investigations of this kind, a knowledge 
of the constitution of the cements and of the changes which take place 
during their setting, must be of the greatest importance. 

The porcelain cements must possess a number of very definite 
characteristics, such as unchangeableness of shape and size in the 
mouth, resistance to the action of saliva, etc., if they are to fill a useful 
place in applied dentistry. 

MiUer®^^ considers that an ideal dental stopping should have the 
following characteristics : 
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1. Sufficient hardness so as not to be worn away unduly by 
mechanical forces in the mouth. 

2. Unchangeability in saliva, food-stuffs and other decomposition 
products (chemical indestructahility). 

3. Constancy of form and volume when placed in the teeth. 

4. Low heat conductivity, so that any changes in the temperature 
of the mouth are not transmitted to the nerves of the teeth. 

5. A high degree of plasticity in order that the stopping may be 
water-tight and may properly fit the teeth. 

6. Colour as similar as possible to that of the teeth. 

7. Absence of detrimental action on the tooth material, nerves, 
mucous membrane and the general health. 

8. Easy manipulation. 

9. Minimum sensitiveness to moisture. 

10. Adhesiveness to the tooth-wall. 

11. Antiseptic, at any rate during fitting. 

12. Easy removal, if necessary. 

The possibility of producing ideal stopping materials depends 
chiefly on a knowledge of the chemical constitution and on a clear 
understanding of the reaction which occurs during the hardening of 
these substances. If no scientific basis — ^no scientifically grounded 
theory — of the porcelain cements is possible, the manufacturers of 
these substances can only work in an arhitrary manner in attempting 
to improve the quality. To do this is, however, risky, as it is possible 
that some manufacturers may even produce inferior 'products instead 
of “ improvements ; the final material may, in fact, be worse than 
the original one, though it may be sold as greatly improved.’’ In 
one case a porcelain cement was so much ‘‘improved” that it was 
eventually agreed that the material made five years previously was by 
far the “ best,” and the manufacturers were obliged to forego their 
“ improvements ” and to use the older recipe ! 

A large amount of theoretical, and especially of experimental work, 
has been done in connection with porcelain cements, but it cannot be 
said that this has made the most important properties, such as the 
poisonous nature of some of these cements, more comprehensible. The 
solution of this problem of poisoning — undoubtedly one of the most 
important — ^is made particularly difficult by the absence of any well- 
established theory, and even more serious are the effects of false and 
purely speculative theories and especially of wrong explanations and 
faulty interpretations of experimental results. 

In this connection the litmus experiment of Rawitzer®^® is pecu- 
liarly typical. This investigator endeavoured to show, by means of 
strips of paper soaked in blue litmus solution, that the porcelain 
cements containing zinc oxide are poisonous, whereas their innocuous- 
ness has been proved by laboratory tests and is obvious from a study 
of their chemical constitution. Rawitzer appears to have overlooked 
the fact that a substance may turn blue litmus red and yet may not be 
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prejudicial to health ; it all depends on the amount of acidity present. 
A substance may even be acid and yet may not have any detrimental 
action on the teeth. For instance, concentrated hydrochloric acid is 
unquestionably a violent poison, but dilute hydrochloric acid is, on the 
contrary, an internal medicine of great value. Yet both solutions turn 
blue litmus red ! Litmus alone cannot give any clue as to the amount 
of acidity, and is, therefore, useless for determining poisonous qualities. 
Rawitzer had not, apparently, a clear view of the meaning of the term 
“ acid reaction,” and was but partially informed with regard to the 
structure of the hardened cement masses ; consequently he had an 
erroneous idea of the physico-chemical reactions occurring during 
the hardening. 

The absence of more definite knowledge of the nature of the 
porcelain cements has led to several false and meaningless investiga- 
tions by Dreschfeld^^^, StriimpeP^^, Robert Richter^^^ andKulka^^®. 
These have been criticised by Schreiber^^^. 

For instance, Dreschfeld, Striimpel and Richter^^"^ digested the raw 
cement (composed of a solid aluminosilicate and a fluid containing 
alumino-phosphoric acid and aluminophosphate of zinc) with water 
for various periods of time. According to the length of this digestion a 
proportionate quantity of the uncombined cement would be decom- 
posed, the result being a partial splitting up of the cement mass into its 
components. These acid-reacting decomposition products were titrated 
and regarded as ‘^free phosphoric acid ” by the investigators named. 

Yet what is the use of showing the presence of acid in the 
decomposition products of a substance which is known to have an 
acid as one of its original constituents ? 

The same authors also studied the action of freshly mixed (and 
therefore uncombined) cements on various colourless solutions as well 
as solutions of aniline dyes, fruit juices (bilberry juice), etc. They 
regarded a cement which produced no colour in the presence of aniline 
dye-stuffs as perfect ! Yet it is clear that even the “ densest cement,” 
in a fresh (unhardened) state, must necessarily form a compound of an 
intense colour if such cements form a lake by combining with the dye- 
stuff. It is a well-known fact that a valuable series of aniline lakes are 
produced from aluminosilicates and certain basic aniline dye-stuffs ; is 
it reasonable to suggest that, because an aluminosilicate forms a lake 
with a certain aniline dye-stuff, it is, therefore, unsuitable as a dental 
stopping ? 

Kulka falls into a similar error in his experiments, and he appears 
to have paid no attention to the physico-chemical reactions of harden- 
ing in his studies, although Morgenstern^^^ and Schreiber^^® had called 
attention to them. Morgenstern was, therefore, induced to issue a 
warning in regard to the experiments of Kulka and to the general 
manner in which investigations on silicate cements are carried out. 
In this warning Schreiber joined. Both these authorities believe that 
it may be safely assumed that Kulka would never have carried out 
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his experiments on imperfectly hardened cements if he had been clear as 
to the constitution of these substances and the changes in their physical 
and chemical properties which occur during the different hardening 
phases. 

As Morgenstern^^^ rightly says : “ It is incorrect to stop the various 
chemical and mechanical processes in cements prepared for experi- 
mental purposes before the hardening is complete. The cements so 
treated lose very valuable properties and lead to erroneous results. 

“ If this were a matter of purely theoretical or academic interest I 
should not write about it, but would modestly express my contrary 
'Opinion. This is, however, a case where the conclusions are of great 
practical and technical importance, and Kulka’s theories may have a 
most important influence on the use of silicate cements in dentistry and 
on their production by the manufacturers. It is because I am con- 
vinced that this influence may be profitless and even harmful that I 
feel right to call ‘ Halt ! ’ to those colleagues who are following these 
new paths.” 

Morgenstern himself treated the cements with chemical agents from 
half to three hours after hardening. He agrees, however, that he could 
not, in this way, definitely ascertain the true properties of the cements 
he examined : “ I treated,” he says,^®^ my cements with water at 
35° C. for one-half to three hours, and found that their adhesion, 
durability, density and resistance to acids and alkalies were such that 
the results obtained cannot be regarded as showing the inherent good 
characteristics or their value as dental stoppings.” 

Morgenstern®^® rightly says that in many of his experiments Kulka 
paid too little attention to the time req[uired for hardening the cements : 
‘'Before commencing his special experiments, he (Kulka) treated his 
cement fillings (30 minutes after they had set) with a mixture of saliva 
and water and allowed them to remain in it for seven days, the fluid being 
renewed occasionally. He found that some cements showed no change, 
others a little change, and others again were much altered, and that one 
cement was completely destroyed. These changes in structure and 
hardness are good evidence that the difierent cements take different 
times to complete hardening.” 

As Kulka, in his researches, did not pay any attention to the 
hardening phases in his cements, he found, as Morgenstern has shown, 
that as great a loss of material occurred when the cement was treated 
with a 0.5 per cent, solution of lactic acid as is only produced in three 
weeks in a properly hardened cement. 

Schreiber®®^ has pointed out the interesting fact that Kulka’s 
phosphate cements possessed no adhesion, so that Kulka’s conclusions 
— ^based on too early a treatment of the cements with saliva, i.e. before 
they had properly hardened — ^must, necessarily, be erroneous. As a 
matter of fact, Kulka covered the ends of small pieces of ivory with 
cement, and after an hour’s standing placed them in saliva-water, where 
they remained for six days. At the end of this period he found “ to his 
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astonishment ” that the ivory could be completely withdrawn from 
the cement covering with comparative ease. From this experiment 
Kulka drew his erroneous conclusions. 

Another serious omission in the records of experiments mentioned 
on the last two pages is that none of the investigators named mentions 
the proportion of powder to fluid which he used in his tests. Hence it 
is not difficult to understand that, as Schreiber^^^ has shown, under 
apparently identical conditions a cement mass x is, according to one 
investigator, only -jVth as resistant as the mass y ; according to another 
investigator it is only ^th as resistant as the same mass y ; according 
to a third it has the same resistance to acids as y, and, finally, a fourth 
reports it as being more resistant than y ! Clearly, these different men 
have worked with cements of widely differing degrees of hardness and 
therefore with very different proportions of powder to fluid. Schreiber 
has correctly stated, in regard to this remarkable result of the study 
of these experiments with silicate cements: “Are not these results 
significant ? Can any reliance be placed on experiments which give 
such contradictory results ? It is impossible to believe that any 
substance can behave so differently in analogous experiments.’" 

In spite of Morgenstern’s warning and Schreiber’s severe criticism, 
Kulka has continued to pay no attention to the hardening phases and 
other important properties of the silicate cements. In his latest work 
— on the possibility of chemical and pathological actions of cement 
stoppings — ^he endeavours to determine the acidity of various 
silicate masses shortly after they have been produced, i.e. during the 
first stages of hardening. This is a very important problem ; yet how 
does Kulka attempt its solution ? He mixes the powder with the fluid 
and, either at once or after 20 to 40 minutes, during which the mass 
is kept at a temperature of 35°, he grinds it to a fine powder. He then 
treats about 1 g. of this powder with 150 c.c. distilled water for 24 to 
48 hours. At the end of this period the powder is removed by filtration 

and the liquid titrated with potassium hydrate. The alkali 

neutralised is expressed in terms of “ free phosphoric acid."" 

A further study of this so-called “ quantitative determination of 
the “ free phosphoric acid shows that this method is not merely 
objectionable, but is entirely erroneous because : 

1. By adding a larger quantity of water to the finely powdered 
but unhardened cement mass, and especially if it is also stirred con- 
tinuously for 24 to 48 hours, not only is the cement decomposed, but, 
in the case of cements in which the fluid is a solution of zinc salts, 
these salts separate out as new constituents ! Acid decomposition 
products of the most varied nature enter partially into solution. On 
titrating the filtrate — assuming that it can be titrated (see 2 below) — 
what is really determined is the proportion of substances which are, to 
a large extent, of secondary origin and are not contained in the original 
material ! 
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2. It is entirely wrong in principle to titrate acid-reacting solutions 
of metallic salts (zinc salts of aluminopliosphoric acid) and to determine 
the ''free acid” by means of the amount of potassium hydrate 
required, because many solutions of metallic salts react like acids, but 
contain no trace of free acid. Copper sulphate, cobalt chloride, nickel 
sulphate, etc., are typical in this respect. 

3. None of the fluid portions of silicate cements contained free 
phosphoric acid, but phosphoric acid combined with alumina, i.e. 
aluminophosphoric acid and their zinc salts. 

These complex aluminophosphoric acids and their salts have 
entirely different chemical and physiological properties from those of 
free phosphoric acid and must not be confused with it. This is the more 
important as the alumina, as will be shown later, plays a very important 
part in the physiologico-chemical action of these acids. 

Yet Kulka, in his determination of the " free acid,” entirely over- 
looks this alumina and regards the cement fluid as consisting of 
" orthophosphoric acid ” in which one atom of hydrogen has been 
replaced by a base. This view is quite erroneous and unfounded. 

Under these conditions it is not surprising that Kulka’s " deter- 
minations of acidity,” in various silicate masses, led him to regard 
what are known in practice as highly 'poisonous cements as " harmless ” 
and those which are entirely free from danger as the most poisonous.” 

From the experiments of Morgenstern, Kulka and others it was 
discovered that the porcelain cements have a far higher resistance to 
acids than have ivory®®’ and the enamel of natural teeth.®®® 

This fact is of special importance inasmuch as it provides the key 
to the constitution of the silicate cements. It is also important to 
observe that some of these cements possess this high resistance even 
before they are fully hardened ! This fact also provides means for 
studying the course of reactions which occur during the hardening and 
in this way excludes a priori a number of hypotheses which will be 
mentioned presently. 

Critical Examination of various Hypotheses concerning the Course of 
Reaction during the Hardening of the Porcelain Cements 

Experimental results are available from which it is possible to 
learn the course of the chemical reactions which occur in the hardening 
of porcelain cements. It is clear that so long as no scientific and well- 
founded theory was put forward, these results must remain in the 
background. Several of these hypotheses must, however, be aban- 
doned, if the high resistance of the half-hardened cement to acids is to 
be taken into consideration. 

Jung®®® was one of the first to endeavour to explain the chemical 
changes which result in the hardening of the porcelain cements. He 
first assumed that the powders are " chemical compounds of silica, 
alumina, lime,” etc., but found an "important error ” in the com- 
position of these cements and was led to conclude that, on mixing the 
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powder with the fluid, a separation of lime and magnesia in the form 
of calcium and magnesium phosphate — ^i.e. a separation of readily 
soluble substances — ^must occur. The solubility of these substances 
in acids,” says Jung, “ may be reduced by the admixture of alumina, 
silica, etc., but it can never be removed altogether.” 

The proved slight solubility of the porcelain cements in acids is 
clearly opposed to the separation of lime and magnesia as just sug- 
gested. 

Morgenstern^®® also appears to have discovered the same import- 
ant error ” as Jung. We know,” he says, that the general chemical 
composition of the cements is due to their calcium and magnesium 
contents, and that the reaction between the powder and the fluid 
results in the formation of calcium and magnesium phosphates, which 
are known to be readily soluble in acids. This naturally leads us to 
fear that dental stoppings made of such cements cannot have much 
resistance to the acids present in the human mouth.” Yet Morgenstern 
has, himself, shown the great resistance of these cements to acids, and 
has further demonstrated that the reactions which take place during 
hardening must be different from those mentioned in the above 
quotation.^® 

Kulka^®^, in 1909, pubhshed a theory concerning the chemical 
reactions occurring during the hardening of porcelain cements, accord- 
ing to which the action of the acid on the powder produces successively 
primary, secondary and tertiary calcium phosphates. This theory is, 
however, opposed to the resistance of the silicate masses to acids 
which Kulka has, himself, proved 1 

Schreiber®®^ has severely criticised Kulka’s theory, and has rightly 
demanded that any theory of the hardening of a cement must neces- 
sarily explain why the calcium compounds produced do harden. 
Any theory to be satisfactory must, for example, explain why a cement 
fluid which has been diluted with water effects a more rapid hardening 
than the concentrated fluid, and so forth. For this fact the Kulka 
theory affords no explanation. 

Eawitzer®®® has also attempted to explain the course of the re- 
actions which produce a hardening of the porcelain cements ; but his 
suggestion that the phosphoric acid in the cement fluid causes the 
precipitation of the whole of the sihca in the aluminosilicate powder 
in an insoluble form is '^directly opposed to general experience wdth 
regard to the behaviour of aluminosilicates. Moreover, silica pre- 
cipitated in an insoluble form from aluminosilicates must usually be in 
the form of a gelatinous mass, yet in porcelain cements this form is not 
produced. 

Somewhat more noteworthy is the hardening theory suggested by 
Apfelstadt®®^, who considers the powder to be composed of a mixture of 
alumina and clay. On mixing this powder with the fluid, the alumina 
combines with the “free phosphoric acid” in the^ latter, Aljj(P 04)2 
being precipitated. This precipitate “ cements th# previously formed 
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aluminium phosphate and the clay substance together.’’ This investi- 
gator also attributes the poisonous action of the silicate cements to 
the presence of “ free phosphoric acid.” His theory affords no explana- 
tion of the great resistance of the fully hardened cements to acids. 
It is well known that clay substance is resistant to acids, yet the 
alumina and the “ cemented aluminium phosphate ” must be readily 
soluble in acids. What, also, is to be said about the lime and mag- 
nesia ? To this question, ApfelstMt’s theory affords no answer. 
Moreover, the expression “ cemented ” is by no means a clear one. 
In short, Apfelstadt gives no satisfactory explanation of hardening, 
and his opinion that porcelain cements are mixtures of alumina and 
clay substance is without foundation. 

From the foregoing pages it will be readily understood how feeble 
and unsatisfactory are the theories criticised and that the investiga- 
tions hitherto made have led to no results of importance. Hence there 
are reasons for supposing that an application of the H.P. theory of 
silicate constitution to the hardening of porcelain cements is not with- 
out interest. 

Before attempting this, however, it is desirable to enquire whether 
the porcelain cements, as such, are single chemical compounds, as it is 
only then that they can be elucidated in the light of the silicate 
theory. 

As the result of numerous investigations made by them in the 
manufacture of porcelain cements and of their studies of such cements 
as are now obtainable commercially, the authors of the present volume 
have reached the conclusion that these substances are realljr single 
chemical compounds, chiefly calcium aluminosilicates. ♦ 

The chief reason for supposing them to possess this unitary 
character is the manner in which they are produced : useful cements 
can only be made from clays (hydro-aluminosilicates) and Ume or other 
bases mixed in definite stoichiometric proportions and heated to 
redness. 

It is also impossible to separate a porcelain cement into different 
ingredients by mechanical treatment, such as washing with an inert 
fluid. Such fractions as are obtained in this manner all have the same 
composition. 

The unitary character of these compounds is confirmed by the 
following : — It might be supposed that the silicate powder is composed 
of mixtures of calcium aluminate and calcium silicate or calcium 
aluminate and aluminosUicate, or of silica, calcium aluminate and 
aluminosilicate. These constituents could then be readily separated 
on account of their different specific gravities. But no such separation 
is possible ! The high resistance to acids of such mixtures in the form 
of half-hardened cements, as found by Morgenstern and Kulka, would 
be inexplicable. The Contrary is reaUy the case ! Furthermore, the 
presence of some*constituents, such as calcium aluminate or calcium 
silicate, is thereby etcluded, as these products, even after being heated 
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to redness, readily absorb COg from the air. On mixing a given 
porcelain cement with the cement acid an evolution of CO 2 should 
therefore be observable, but this is not the case. 

The objection may be raised that a study of the Patent Specifica- 
tions leads to the conclusion that many porcelains cannot be single 
compounds. Thus 0. Hoffmann (German patent No. 199,664, Kl. 30h 
of 7th April, 1907) claims a Method of producing dental cements 
characterised by the use of aluminosilicates alone or in admixture 
with other substances.” 

A suggestion of the non-unitary character of porcelain cements is 
also given in Rawitzer’s German patent. No. 196,510, Kl. 30h of 20 th 
November, 1905, in which he claims ‘‘the production of a dental 
cement-powder for transparent dental stoppings which is to be mixed 
with phosphoric acid before use.” This powder is made by “ mixing 
heated but unfused aluminium silicate AI 2 O 3 SiOg with a previously 
melted mixture of calcium aluminum oxide and silica.” 

The study of commercial porcelain cements made by the manu- 
facturers previously indicated show beyond all doubt that their 
dental cements were not made according to this recipe ! For instance, 
a “ cement ” which contained a large proportion of precipitated 
aluminosilicate was entirely useless as a dental cement on account 
of the ready solubility of the precipitated aluminosilicate in acids, and 
the ready decomposition of the “ cement ” by acids. The ordinary 
porcelain cement made by the same manufacturer is, like all other 
cements of clay, very resistant to acids, ^o that these cements cannot 
contain a large proportion of precipitated aluminosilicate. 

There is no doubt that the various porcelain cements do contain 
admixtures of salts (basic and acid) and, possibly, small quantities of 
precipitated aluminosilicate^, these being added to give certain definite 
characteristics to the material and to regulate the time of setting and 
hardening. 

It is also well known that only in the rarest cases are the recipes 
in the Patent Specifications correct for making commfercial products. 
For instance, the patentee of the well known Rostaing cement was the 
first to use zinc phosphate for dental purposes. Yet Rostaing was, 
after Jung’s®®® recommendations, so careful and took such pains to 
express himself so broadly and in such an incomprehensible manner 
that it has not, so far, been found possible to produce a cement having 
all the properties possessed by Rostaing’s own preparation by follow- 
ing the directions in the Patent Specification. 

Hence the Patent Specifications cannot be regarded as being 
opposed to the unitary nature of the porcelain cements, 

A physico-chemical Theory of the Harding of Porcelain Cements 

In formulating a theory of the hardening of pordelain cements, the 
following matters must receive special attention : ^ 

(a) The chemical constitution of the porcelain cements. 
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(6) The attraction of aluminosilicates for acids and bases.* 
(c) The physico-chemical progress of the hardening. 


(a) The Chemical Constitution of the Porcelain Cements 
It has already been shown that a hydro-aluminosilicate of the 


formula 


J'xAAA 

1 Si 1 All All Si 

A A A A 


Hso(Si-Al-AI-Si) 

contains two kinds of hydroxyls : a- and a-hydroxyls ; the former 
playing the most important part in ultramarines and the latter in 
Portland cements. 

In Portland cements the hydrogen of ^-hydroxyls — tluj s-hydrogen 
— may be substituted by monovalent basic groups, viz. li" • OH, 
— R" • 0 • R" • OH, etc., where R"--=Ca. These are termed “ hydrobasio 
groups ” and according to the number of R'^-atoms are indicated by 
(1), (2), etc. By separation of the elements of water in two neighbour- 
ing, i.e. ortho-hydrobasic, side-chains, the anhydrobasic groups : 

- 0 • R'\.. ™ 0 • R' • O ■ R'X^ 

— O • RV ’ -OR'- 0 • RV ’ 

are formed and are distinguished according to the number of 
R"-atom8 by 2“, 3’, 4“, etc. (p. 166). 

The porcelain cement powders differ from the above silicate 
cements inasmuch as they contain only a few silicate side-chains ; 
and the number of R^-atoms is 1 . 

The following are typical porcelain cements : 

1 * 1 “ 


Urjsi I All 


!A1 SilAli 


■ 


B'O • 6 A1 ,0, • 6 SiO* R'O • 6 A! A ’ 5 SiO, 2 R'O • 3 A1 O, • 10 SIO, 


iSilAMAIlSil 

\/\/\/\/‘ 


4R'0-6A1A'12S>0* 

These porcelain cements also differ from other silicate cements m 
that they only form transparent, stone-tike masses when mix^ with 
certain acids, viz. aluminophosphoric acids, or such of their salhi as 




I| 

i 


m 
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The Attraction of the Aluminosilicates for Acids and Bases 

The acido- and baso-philism of the aluminosilicates must be 
specially considered, as this property of the aluminosilicates plays an 
important part in the reactions under consideration. 

For example, in the hydro-aluminosilicate 



I 1 I 
Hx 2 (& • A1 • A1 * Si), 

both the a- and 5-hydroxyls are acido- and baso-philic, i.e. the a- 
hydrogen and the 5-hydrogen may be substituted by monovalent acid 
and basic radicles. There is a great difference between the degree of 
acido- and baso-philism * of these hydrogen atoms : the a-hydrogen 
atoms are strongly acidophilic and only feebly basophilic, but the 
5-hydrogen atoms are strongly basophilic and are only feebly acido- 
philic. 

These properties of hydro-aluminosilicates, which are very im- 
portant in connection with the reactions which occur in the hardening 
of cements, may be further shown in the following : 

1 . The topaz molecule 

FI FI 2 FI 

FI— i 
FI—; 



must, if the foregoing hypothesis is correct, have the monovalent 
fluoric acid radicle strongly bound to the aluminium radicle and only 
feebly to the weakly acidophilic silicon radicle. In any case the 
fluorine must be bound more strongly to the aluminium radicle than 
to the silicon radicle. 

The fact that the topazes contain at least 8 fluorine atoms, shows 
that when natural changes occur the fluorine splits off from the 
silicon ring and not from the aluminium one, i.e. the fluorine is bound 
more strongly to the aluminium than to the silicon ring, as the theory 
impltes. 

2. The relatively feeble basophilism of the a-hydroxyls and the 
strong basophilism of the 5-hydro|8:yls are shown by the interesting 
studies of Gans®®^ on the ‘‘ arth&cial zeolites or ‘‘ permutites.’" Gans 
found that the aluminosilicates showed a variation in the strength of 
the bond between them and the alkalies and alkaline earths, 
the bases in some cases being readily and completely replaced by 


See footnote on p. 209. 
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others, whilst in others, substitution could only be effected with 
difl&culty. 

Gans inferred (in agreement wiiii the theory stated above) that the 
readily replaceable alkalies and alkaline earths are combined with 
alumina, those bases which are replaced with greater difficulty being 
attached to the silicon. In other words, he concluded that the a- 
hydroxyls are feebly basophilic and the s-OK groups are strongly 
basophilic. 

Gans has applied this ready replaceabihty of the a-bases of the 
aluminosilicates in an ingenious and practical manner. For instance, 
in the sodium silicate A, viz. : 


Na Na Na Na 



Na Na Na lifa 


A. 


the a-sodium must be readily replaced on treatment with aqueous 
solutions of Ca, Fe'^ Mn, etc., forming B, viz. : 

Na R" Na 

Jill 

Na— r V V-Na 

Na 

lia 'e*' IsTa 

B. 

E''==Ca, Ee, Mn, etc. 

Conversely the compound A may readily be formed by treating B 
with an aqueous solution of sodium chloride. 

The great technical importance of such properties of the a-bases is 
obvious. Thus, by suitable treatment of the sodium silicate A with 
water, it can remove calcium and magnesium bases from solution, i.e. 
it can be made use of in softening hard water. 

The o-bases may also be used for other industrial purposes, e.g. 
to replace potassium in molasses and syrups in the sugar industry by 
sodium or calcium. 

For this reason the following patents (see Siedler®*®) are interesting : 

(а) An invention for treating water for domestic and technical 
purposes, distinguished by filtering the water through hydrous alumino- 
silicates, whereby the undesired bases such as iron oxide, manganese 
oxide, lime, magnesia, etc., are replaced by others which are desirable 
or at least harmless. 

(б) An invention for replacing the potash, in sugar syfups and 
molasses, by other bases, distinguished by filtering the said syrups and 
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molasses through aluminosilicates, whereby an exchange of bases 
occurs, the potassium in the syrups being replaced. 

3. The acido- and baso-philism of the aluminosilicates are also 
shown by their ai3iphichromatophilism, i.e. their relation to both acid 
and basic dye-stuffs, as has been shown by Hundeshagen^®® in the case 
of kaolin. Concerning this, Hundeshagen wrote : “A peculiar form 
of amphichromatophilism is observable in kaolin, which behaves as 
though the silica and alumina could act independently towards dye- 
stuffs. The influence of the silica is by far the strongest, and it is to 
this that clay owes its very basophilic character ; almost equal, in fact, 
to that of amorphous silica. At the same time there is a weaker, yet , 
still distinct, oxyphilism which is completely analogous to the oxy- 
philism of free alumina.’' 

Hundeshagen therefore considers that in the kaolin molecule there 
are both alumina-hydroxyls (— a-hydroxyls) and silica-hydroxyls 
(=5-hydroxyls). 

4. The acido- and baso-philism of kaolin may also be observed in 
the colours known as “kaolin-lakes,” which are formed by the action 
of kaolin on acid and basic dye-stuffs. The basophilism is stronger than 
the acidophilism, so the kaolin lakes with basic dye-stuffs play a highly 
important part in technology of lakes, whilst kaolin-lakes containing 
acid dye-stuffs have a much feebler colouring power and are, technically, 
of much less importance. 

5. According to Hundeshagen, the acido- and baso-philism of 
kaolin are due to the fact that kaolin can withdraw acids from acid 
solutions and bases from alkaline ones. 

6. The acidophilism of the a-hydroxyls of kaolin is shown by the 
constitution of ultramarine, and particularly from the behaviour 
(observed by Silber) of the compound : 

Nai2(Si-Al-AVSi) 

towards HOI and that of the product thus formed, 

Na8H4(Si-AJ-A[-Si), 

towards AgNOa, as well as by the formation of the sodalites (p. 162). 

The somewhat strong acidophilism of the a-hydroxyls and the very 
strong basophilism of the 5-hy^oxyls are of importance in connection 
with physio-chemical reactions which take place during the hardening 
of the porcelain cements, as described in the next section. 

(e) The Physio-chemical Reactions occurring during Hardening 

The hardening of porcelain cements is physio-chemically analogous 
to that of other silicate cements, such as Portland and slag cements, 
the molecules undergoing a series of hydration phases, just as do those 
of Portland cement (p. 173). The porcelain cements are also “ hydrau- 
lites ” (p. 174), but, unlike the Portland and slag cements, they only 
harden in the presence of certain acids. If the powdered portion of a 
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porcelain cement is more basic than usual, acid salt solutions may 
induce hydration phasbs. 

Two classes of porcelain cements may, conveniently, be dis- 
tinguished : 

1. Porcelain cements of which the fluid portion is acid — acid 
cements or A-cements. 

2. Porcelain cements of which the fluid portion is an acid salt 
solution * — saline or E-cements. 

The S-cements have several advantages over the A-cements. 

The chemical reactions involved in hardening porcelain cements 
consist chiefly of two parts : 

(a) Hydration, and 

(&) Condensation, or formation of an acid or salt with simultaneous 
loss of water. 


(a) Hydration 

Hydration consists, as in the hardening of Portland cement, in a 
series of hydration phases as shown in the following example : 

r=A/\/\A=io 

4 BO • 2 HjO . 6 Aljol • 12 SiO, 

(b) 



r= 

1 °=!. 

4KO-6 A 1 j 03-12 SiOj 
(a) 







4 BO • 3 HjO • 6 AlgOa • 12 SiOj 
(c) 



4 RO • 4 HaO • 6 Al^Og • 12 SiOg 
(d) 



4 RO • 5 HaO • 6 AlaO, • 12 SiO, 
(e) 


♦ Although the term " ‘ acid salt solutions * ’ is used for convenience, it should be under- 
stood that aoid-reaoting salts are reaUy meant, and not the true acid salts which con- 
tain H-ions. Solutions of metalUo salts are known (p. 228), which do not appear to 
contain H-ions and yet have an acid reaction. 

Sven ii the acid reaction of these fluids is referred to the presence of H-ions, or 
if these ions should be found in some of them, there still remains a large difference 
between a porcelain cement containing free acid and one containing an acid salt, par- 
ticularly when the physiological section of the cement is considered. 
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a)=C 


=(i) 


(i)= 

\\ I 1 \\ 

4 RO • 6 H 2 O • 6 Al.Oa * 12 SiO^ 4 RO • 10 H^O • 6 Al^Oa • 12 SiOg 
(1) (g) 



\=( 1 ) 


This large number of hydration phases is accompanied by a notable 
development of heat, particularly at the beginning. 


(b) Condensation 

As soon as the hydration — assisted by the acid or acid salt solution 
— ceases, the second stage of hardening — condensation — commences. 

If the fluid portion of the cement is a complex acid, as shown by 
the acidophilic a-hydroxyls, water will be separated and the acid 
radicle will attach itself to the silica molecule. 

On account of the somewhat strong acidophilism of the a-hydroxyls 
on the one hand and the very strong basophilism of the 5-hydroxyls 
on the other, it is highly probable that acids will attach themselves 
to the silica ring without any separation of base from the silica side of 
the molecule. 

The constitution of a hardened mass of an .4 -cement will, thus, be : 


A A 


( 1 ) = 
( 1 )= 



=( 1 ) 

=( 1 ) 


• aq. 


According to this constitution, if, for instance, A is an alumino- 
phosphoric acid, such a substance must be a strongly acid salt of a 
triple acid. 

The addition of a complex acid to a cement powder is by no means 
a neutralisation of the former in the ordinary sense of this word, 
although on account of its insolubility the hardened mass may react 
neutral to litmus. There is, in fact, a large number of substances 
which, being insoluble, react neutral to litmus and yet are, constitu- 
tionally, acids. Kaolin is a t 3 rpical substance of this kind. 

A hardened 2-cement has probably an analogous constitution : 


( 1 )= 

( 1 )= 



• aq. 
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A completely saturated substance of this kind is, therefore, 
analogous to Thugutt’s sodalites (p. 60) and the 2-ultramarines whose 
mode of formation has been shown in previous pages to be due to the 
formation of condensation products. The A-cements, on the contrary, 
are analogous to the A-ultramarines (p. 140). 

These structural formulae indicate that a molecule of a cement may 
he combined with four molecules of acid or of 2, but this can only 
be the case occasionally. 

The above structural formulae for fully saturated dental cements 
are only for a given case, as the structure of these substances must, 
naturally, vary with the ratio of powder to fluid. Some of these 
cements may, for example, have the formula 



OH OH 


•aq. ; 


others contain an excess of acid (2) or of uncombined A or 2. The 
constitution of hardened cements of other compositions may be 
regarded as analogous. 

The physio-chemical reactions occurring during hardening are 
thus clearly shown by means of this theory. On the physical side, the 
following may be added ; 

If the cement mass is regarded as a sphere composed of different 
layers as in Fig. the hardening takes place from the circum- 
ference towards the centre. The outer layer a 
hardens without any external pressure, but in the 
case of 6, any expansion is opposed by the harden- 
ing outer layer a. The same occurs with layers c and 
d, only they cannot expand so much. Hence the 
hardness and density of the mass must increase as 
the interior is approached and the outermost layer 
must be the softest. An examination of phos- 
phate cements confirms this view, the outer portion of an old dental 
stopping being more or less worn, whilst the interior is found to be 
much harder. 



Consequences of the Theory and the Facts 
A 

From the theory it follows that the formulae calculated from the 
analyses of the porcelain cements must be arranged to represent 
compounds whose existence is theoretically possible. Unfortimately, 
very few analyses of porcelain cements have been published. The 
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investigations of the anthors^’^ have shown that the powders contain 
approximately 

CaO AI 2 O 3 SiOa 
6-12% 38-50% 40-44% 

One analysis leads to the formula 

ca ca 

l°=<(^| A1 1 A1 (Ca=i CaO) 

~\A/~ 

3 CaO • 6 AI 2 O 3 * 10 SiOg • Loss on ignition 
Calcd. 11.20 40.80 40.60 8.00 

Found 12.10 38.19 40.60 8.23 

The 6 - 12 % CaO in the porcelain cements shows that the powder 
contains fewer R" side-chains than the Portland cements. This 
relatively small proportion of CaO also explains the great resistance of 
these cements to acids, as experiments with complex acids have shown 
that the power of the molecule for combining with a base increases 
inversely as the amount of base present (pp. 94, 108, 262, 263, 265, 
etc.). The non-separation of this CaO by the action of the fluid 
portion of the cement may also be regarded as being due, in all 
probability, to the acidophilism of the Al- and the basophilism of the 
Si-rings. 

B 

The absorption of water during hardening must be capable of being 
represented stoichiometrically, as it is in Portland cements. The 
hardened mass must contain various forms of combined water ; water 
as — • OH, water in the form of OH-groups attached to the sihcon 
ring and water of crystallisation.” Of these, the maximum amount of 
water combined with — ^R". and with silicon respectively must 
a 'priori be capable of prediction. No direct determinations of these 
forms of water have been published. 

. C 

The hydration of the porcelain cements must proceed gradually 
like that of the Portland cements. It must, therefore, be possible to 
prove a gradual growth of the various OH-groups by determining the 
amount of water in the porcelain cements at various periods during 
the hardening. 

This consequence of the theory was confirmed, in the case of 
Portland cements, by a series of hydration experiments by v. Teicheck 
and others (p. 180), but no such determinations have, as yet, been 
made with porcelain cements. 
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D 

The duration of the various hydration phases is a very interesting 
subject. In the case of the porcelain cement powders, with their 
relatively low content of base, the duration of the hydration phases 
must, ccBteris paribus, depend on the following factors : 

1. The constitution of the silicate molecule. 

2. The acidity of the cement acid. 

3. The temperature at which the hardening occurs. 

4. The proportion of water in the cement fluid. 

5. The physical conditions of the cement powder. 

As regards the first factor — the constitution of the silicate molecule 
— ^it is clear that the various silicate molecules must hydrate at 
different rates. 

As an increase in the acidity of the cement fluid must increase the 
speed of hydration, it is clear that, cceteris paribus, those porcelain 
cements of which the fluids contain more acid must harden more 
rapidly than those with a less acid fluid. 

As, on the contrary, the hydration begins more readily when the 
basic content of the silicate molecule is increased, a reduction of the 
acidity of the cement fluid must effect a corresponding increase in 
the basic content of the silicate molecule if a definite rate of hardening 
is to be reached. 

The temperature at which the hardening occurs exercises an 
important influence on the rate of hardening, the higher the tempera- 
ture the quicker the hardening, and vice versd. The extent to which 
the rate of hardening is increased by a rise of (say) 10° in temperature 
must be determined by direct experiment. 

For a definite acidity in the fluid portion of the cement, the rate 
of hardening must naturally depend on the proportion of water in 
the fluid : the larger the proportion of water the more rapid the 
hardening, and vice versa, as in the former a quicker, and in the latter 
a slower hydration occurs. 

The ability of the silicate molecule to undergo hydration also 
depends, cceteris paribus, on the physical condition of the cement 
powder : the coarser the powder the slower and feebler the hydration, 
the finer the texture the greater its reactability. 

This consequence of the theory is fully confirmed by experience. 
With some A-cements the hardening is so rapid that the powder must 
contain coarse grains as well as fine ones in order to reduce the rate of 
hardening within convenient limits, or special instructions must be 
issued to users that the Jduid must be added in small quantities and 
very slowly. 

There is a possibility, in the case of some of the slower 2-oements, 
of so regulating the rate of hardening that at blood, heat (37° C.) they 
harden at a normal rate and can thus be used for dental purposes. This 
i^ effected by arranging the size of the grains in the powder and the 
concentration of the fluid portion of the cement. 
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At the ordinary temperature, the 2-cements usually harden more 
slowly than the A-cements, and a number of writers have considered 
this to be a defect in the 2-cements. As a result of this slower harden- 
ing of the 2-cements they contain uncombined 2 (i.e. uncombined, 
feebly acid salts) in solution for a longer time after the commencement 
of the hardening than do the A-cements, and, consequently, they have 
an acid-like reaction towards litmus for a longer period. This has led 
to the false conclusion that the E-cements are detrimental to the 
pulpa. 

In reaching this conclusion the following have been overlooked : 

1. That the dental cements should not harden at the ordinary 
temperature, but at blood heat, and this is, as already shown, the 
temperature at which they harden best. 

2. No importance can be attached to the suggestion that these 
cements are harmful to the pulpa, as the reddening of litmus by them 
is not due to a strong ^-acid, but to a weakly 2-acid salt solution. 

E 

It also follows from the theory, that the hardening of a porcelain 
cement must occur in a series of phases. This consequence of the 
theory is fully confirmed by practical experience. Morgenstern^’^ has 
shown that, in most cements, the first hardening is followed by molecu- 
lar changes, which in some cases are completed within 3 hours, but in 
others are not fully completed in 24 hours. In confirmation of this is 
the fact, proved by Morgenstern, that the strength of these cements 
increases if, after the first period of 3 to 24 hours, they are kept out of 
contact with air or moisture. 

Wege^’^ has also distinguished two stages in the hardening of 
porcelain cements. 

1. The setting stage, which, according to Wege, “ lasts 16 to 20 
minutes. If it takes place at blood heat, it is accompanied by a 
marked evolution of heat owing to the rapidity with which the physio- 
chemical changes occur. During this stage these cements become so 
hard that they may be cut and polished. At ordinary room temperature 
the hardening takes place much more slowly. 

The sensitiveness of the freshly mixed cement to moisture and 
to saliva is characteristic of the first stage of the hardening of a 
porcelain cement. It is, therefore, necessary to perform the operation 
of tooth-stopping in such a manner that all saliva is excluded until the 
cement is hardened.” 

2. The stone-forming stage commences ‘‘ after 15 to 30 minutes (at 
blood heat). The chemico-physical reactions which occur during this 
second stage of the hardening are less energetic than those in the first 
stage, and the heat evolved is so small as to be scarcely measurable.” 

“ The mass in the second stage is less sensitive to moisture and 
saliva. This sensitiveness — ^which shows itself by ‘ killing ^ any cement 
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mass mixed with saliva — diminishes more and more until it eventually 
ceases completely. 

‘'The ‘stone-forming’ process may be completed in a few hours 
or it may take 2 to 3 days, different cements varying considerably. It is 
during this second stage that the cement attains its maximum hardness 
and density.” 

Schreiber^^^, in his critical studies, has also repeatedly called 
attention to the various phases of hardening of the porcelain cements. 

The inference from the theory that the hardening of the porcelain 
cements occurs in a series of phases is thus in agreement with the facts. 

It is clear that, previous to the “ stone-forming ” stage, the 
hardening of the porcelain cements may be hindered by the action of 
water, alkalies, and diluted acids, and it is a serious error, in studying 
the resistance of these cements to acids and alkalies, to treat them with 
these reagents before the stone-forming stage of the hardening is com- 
pleted. As already mentioned, Morgenstern and Schreiber have 
clearly shown the nature of this error in a series of experimental studies 
made by them. 

F 

In the light of the H.P. theory, the fact that porcelain cement masses 
have a higher resistance to dilute acids than is possessed by ivory or 
the enamel of natural teeth is explicable. The acid in the fluid portion 
of the cement does not decompose the silicate molecule ; it does not 
cause the separation of any bases which can form easily soluble salts 
with phosphoric acid or aluminophosphoric acid. The acid in these 
cements only assists the hydration of the silicate molecule and adds 
itself to the latter. Dilute acid, if it does not act on the hardened 
molecule, may, if it has as great an affinity for the silicate molecule as 
the cement acid, effect a further hydration and may replace it, though 
this is seldom the case, with dilute lactic and acetic acids. 

This indicates that the cement mass is not readily attacked by 
acids, a fact which has been proved experimentally. 

The Toxic Action of the ^-cements in the Light of the New Theory 

From what has been written in the foregoing pages, the constitu- 
tion and properties of the porcelain cements must, undoubtedly, be 
regarded as new members of the great class of silicate compounds. It 
is therefore desirable, in the light of the H.P. theory, to find an answer 
to a question which is both theoretically and practically of the greatest 
importance. It has been stated that some porcelain cements have a 
serious disadvantage in that they cause dangerous inflammation and 
destroy the nerves (pulpa) of the teeth, with all the consequences which 
follow these actions. 

For several years there has been a bitter fight as to whether the 
toxic character of these silicates may be prevented. The chief difficulty 
in solving this problem appears to lie in the lack of knowledge of their 
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basic cements which have been hardened by treatment with acid, such 
as the zinc phosphate cements, the powdered portion of which contains 
90% of zinc oxide. 

In commerce, as may readily be seen from a study of the literature 
of the subject, there are two kinds of zinc phosphate cements : 

(а) Those in which the fluid portion contains a strong, free acid ; 
and 

(б) Those in which the fluid portion contains a considerable amount' 
of a stronger base, e.g. zinc oxide. 

The difference is shown in the following Table, due to H. Paschkis : 


Composition of Zinc Cements 


Name 

“Fluid Portion” 

Contains 

Poulson 

fluid 

no zinc 

Entrop 

» 

99 99 

Ash 

99 

99 99 

little zinc 

Griinbaum 


Potilson 

crystalline 

much zinc 

Rostaing 

fluid 

99 99 


It is clear that these two kinds of zinc phosphate cement may have 
different chemico-physiological properties. In this connection it is 
interesting to notice that one of the most famous workers — ^Miller, 
Professor of Dentistry at Berlin University®’® — comments on the 
repeatedly observed destruction of pulpse by zinc phosphate cements 
(p. 232), whilst another equally famous operator — ^Prof. Black®” — has 
observed no such destruction by zinc phosphate cements. These 
contradictory opinions can only be explained by assuming that 
Miller used cements containing free acid, whilst Black used those in 
which the fluid portion contained salts. Other operators have also 
reported contradictory results, some recommending the use of a 
protective medium below the cement stopping and others advising the 
direct use of zinc phosphate cement as providing the most suitable 
protection for the pulpa.®’® 

The destructive action, on the nerves, of zinc phosphate cements 
containing strong acids in a free state in the fluid portion can only be 
explained by supposing that not merely the 6-12% of base in porcelain 
cements, but even the 90% of base in the zinc cement powder, cannot 
prevent the destructive action of the free acid on the nerves at the 
moment when the mass is introduced into the cavity in the tooth. 

This surprising fact admits of a complete explanation : the harden- 
ing of a cem^t is essentially a slow physio-chemical process and it 
cannot, by the time the mass is introduced into the cavity, have 
proceeded far enough for the neutralisation of the strong acid to effect 
the separation of the base. This behaviour of the highly basic zinc 
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phosphate cements thus affords a further confirmation of the im- 
probability of any separation of the base by the action of the cemeiit 
acids on silicate powders so poor in basic material as are the -4 -cements 
at the moment of their introduction into the dental cavity. 

3. In the light of the H.P. theory, the fully hardened .4-cements are 
really ‘‘ sodalites ’’ (p. 214). The acid is added to the silicate molecule 
because of the acidophilism of the a-hydroxyls. Experience has shown 
that this acidophilism of the silicate molecule is never strong, and in 
the case of acid dye-stuffs the lakes ” produced are, technically, of 
minor importance. 

There is a danger on account of the low acidophilism of the a- 
hydroxyls, that after a long time a separation of free acid may occur 
and the pulpa be destroyed, the .4-cements thus resembling a sleeping " 
volcano which may start its destructive action at any moment. 

According to the new theory, the completion of the hardening of 
the 4.-cements need not prevent the acid in them from acting detri- 
mentally. Definite reports made by various practical dentists show 
that the deleterious action has been observed a long time after the 
‘‘ stopping ’’ had been inserted ; in some instances after an interval 
of a whole year. In one case, disease of the pulpa, resulting in the 
death of the patient, set in more than a year after a shallow cavity had 
been stopped with A-cement. 

The toxic action of the 4. -cements has now been shown td be due to 
that of the free aluminophosphoric acid present. The question arises 
as to whether this toxic action can be proved by chemico-physio- 
logical experiments in which these free acids are compared with other 
toxic substances. The answer to this question forms the subject of the 
following section : 

The Causes of the Keurotropism of Aluminophosphoric Acids 
(Ehrlich’s Theory) 

The term ‘‘ neurotropism ’’ was suggested by Ehrlich^^® to in- 
dicate the poisonous action of any material on nerve-substance. ' 

Before it can be stated that a given substance is, theoretically, a 
neurotrope it is necessary to understand why modern physiological 
chemists consider that neurotropism is the result of chemical action. 

The famous physiologist and bacteriologist, P. Ehrlich, was the first to * ^ 
suggest that only those chemical substances are neurotropic which 
form a definite chemical compound with the nerve-fibres®®® (side-chain 
theory). Erhlich reached this conclusion as a result of his study of , 
the so-called vital colour processes. Ehrlich has shown that the various 
dye-stuffs become localised in the organism according to their chemical 
constitution. For instance, methylene blue has a special attraction 
for living nerve-fibres ; other dye-stuffs are chiefly retained by the fatty 
organs and still others by the substance forming the kidneys. 

As the theory of the chemical combination of the toxines is of 
fundamental importance if a satisfactory theory which will explain the 
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observed properties of porcelain cements is to be obtained, it is neces- 
sary to mention briefly those facts having any bearing on the 
theory which have been observed by all well-known physiological 
chemists. 

Ehrlich’s theory is confirmed by the following facts : 

1. Analysis of cases of poisoning by toxines. It is well known, for 
instance, that when toxines are introduced directly into the blood- 
stream they rapidly disappear.^®^ The rapid combination of injected 
toxines with the blood has also been observed by von Behring^®^, 
A. Knorr^®^, Bomstein^®^, de Croly^®® and others. 

2. The investigations of von Behring^®® on tetanus afford a special 
confirmation of the theory of the chemical combination of the toxines. 
If animals which are peculiarly liable to tetanus are inoculated with 
tetanus poison, this is found in all the organs except the central 
nervous system. In other words, the poison is only feebly combined 
in the organs first mentioned, but it enters into definite chemical 
combination with the nerve-substance and cannot then be detected. 

The following fact also supports Erhlich’s theory : Knorr has 
drawn up a ‘‘ Scale of Sensitiveness to Tetanus,” and finds that the 
poisonous dose for a hen is 200,000 times that for a horse, the amount 
being calculated in grammes of poison per gramme of animal weight. 
Hens have been found by Kitasato to be practically immune from 
tetanus. 

The very slight sensitiveness of hens as compared with horses may 
be explained by Ehrlich’s theory as due to lack of combining power. 
This is confirmed by the experiments of Metschnikoff®®"^, Azakawa®®®, 
and of Fermi and Pernossi®®®, which show that insensitiveness to 
certain poisons is accompanied by the easy recognisability of the 
toxine in the organism for a long time after its introduction. 

4. The well-known experiment of Robert Koch®®® is a particularly 
valuable confirmation of the theory of the chemical combination of the 
toxines. Koch wished to sterihse infected animals with corrosive 
sublimate, but found that the largest practicable doses had no influence 
on the parasites, the animals being killed more easily than the para- 
sites. This can be readily understood in the light of Ehrlich’s theory ; 
the sublimate is organotropic, but not parasitotropic, i.e. it forms 
definite chemical compounds with the substances forming the important 
organs of the infected animals, but has no chemical action on the cells 
of the parasites. 

5. Low’s experiments on the action of oxalic acid on plants, is 
another interesting and valuable confirmation of Ehrlich’s theory. 

Oxahc acid is well known as a powerful poison to both animals 
and plants, and its action was found by Low to be due to its forming 
definite compounds with lime salts. Hence, according to Low, oxalic 
acid is only poisonous to those plants whose cells contain lime salts, 
and it can have no poisonous actiofl on plants, the cells of which are 
free from calcium compounds. Low has fully proved by direct experi- 
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II. The Chemical Eelationship between the Nerve-fibres and the 
Aluminophosphoric Acids 

If it may be accepted as a definite fact that the nerve-fibres, like 
animal fibres generally, are chiefly proteins (amino-acids), it is clear 
that such substances may form definite compounds with either simple 
or complex acids, especially as Friedheim and his associates have 
found, as the result of a large number of experiments, that complex 
acids can not only combine with bases, but also with other acids, and 
other chemists have proved the existence of amino groups. 

That the facts fully confirm the possibility suggested by theory 
is shown by the mordanting of animal fibres by sesquioxide compounds 
such as aluminosulphates (alums), aluminoacetates, etc., i.e. by the 
various complex alumino-acids.^^® The properties of the alumino- 
phosphates — such as the existence of aluminophosphates with very 
different proportions of phosphoric acid and alumina, which can pass 
into one another ; the impossibility of replacing the alumina by other 
bases by double decomposition ; the masking of the phosphoric acid 
by alumina in agriculture, etc. — ^show that their constitution is 
analogous to that of the aluminophosphates and aluminoacetates, and 
there can be no doubt that they have a special chemical relationship 
to the nerve-fibres. In short, the aluminophosphoric acids are, in 
accordance with Ehrlich’s theory, neurotropes or nerve poisons. 

It is very probable that the proteins, like the aluminosilicates, 
have a cyclic constitution, i.e. they apparently consist of N- and C- 
hexites and pentites. The combination of animal (nerve) fibres and 
the complex alumino-acids — the corrosives — ^is most probably analo- 
gous to that of the complex acids : two neighbouring OH-groups in 
the animal fibre combining with two similar (ortho) OH-groups in the 
alumino-acid with loss of water. The resultant complex can then, in 
an analogous manner (i.e. on losing water), unite with dye-stuffs, the 
combination of these being thus effected by means of the OH-groups 
in the alumino-acids. From this it follows that only dye-stuffs with 
ortho-hydroxyl groups can combine with alumino-acids and can be 
used as dyes. This interesting consequence of the theory has been 
fully confirmed by the experiments of C. Liebermann and St. Kon- 
stanecki^®®, who have shown that the only oxyanthracinones which are 
fixed dyes are those containing two ortho-hydroxyl groups. C. 
Liebermann has converted non-dyeing colours into strong dyes by the 
introduction of two ortho-hydroxyl groups, particularly in the case of 
fluorescines, eosines,®®’ malachite green,®®® fluorines,®®® oxyaurenes,^®® 
etc. 

What can be said in regard to the physiologico-ohemical action of 
the 2-cements ? 

The experience of Black and Schreiber with 2-phosphate cements 
shows that the E-silica cements are non-poisonous to the nerves of the 
teeth. The plastic mass of E-cement does not contain free aluminot* 
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phosphoric acid, but an acid saturated with zinc oxide, i.e. a zinc salt, 
which must, naturally, behave in a different physiologico-chemical 
manner towards the nerves. According to Ehrlich’s theory, all toxic 
action is excluded in the case of 2-cements, as investigations on the 
dyeing of animal fibres show^®^ that, in the absence of mordants, the 
colour can only be fixed on wool and silk when the dye-bath is acid, 
i.e. only when the dyestuff-acid is in a free state. From this it follows 
that only free acids have any action on the nerve-fibres, salts being 
inert in this respect ; in other words, solutions of zinc salts can form 
no definite chemical compound with nerve-fibres, i.e. they are not 
neurotropic. 

It is very remarkable that, according to Siem’s investigations,’'*® 
complex compounds of aluminium (sodium alumino-lactate), when 
injected subcutaneously into animals, are found to be highly poisonous. 
On injecting relatively large doses of these compounds into the blood, 
death occurred after seven to ten days. The daily subcutaneous in- 
jection of small quantities into dogs, cats and rabbits, caused death 
within three to four weeks after the introduction of a total weight of 
0.25 to 0.30 grammes AlgOg per kilog. of animal weight. 

The fact discovered by Dollken^®® in repeating Siem’s experiments 
is even more interesting. Dollken confirmed Siem’s conclusions and 
also found that, in accordance with the H.P. theory, these poisonous 
aluminium compounds are essentially nerve poisons. He found that in 
animals which had died from injections of these substances the nerve- 
roots were degenerated and that marked changes had occurred in the 
nerve-cells. The central nervous system is the part most affected by 
these poisonous aluminium compounds ; the outlying nerves not being 
appreciably affected. 

Siem and DolUcen have also shown that it is a further characteristic 
of aluminium poisoning that time is required before any symptoms of 
poisoning are observable. Neither investigator noticed any acute 
symptoms of poisoning, even when large doses were administered. 
This experience is a complete agreement with the symptoms accom- 
panying poisoning by silicate cements of the “ A ” tynpe, in which, as 
previously stated, the action of poison does not make itself observable 
until after weeks, months, or, in some cases, more than a year. 

The objection may be raised that, according to the H.P. theory, 
neutral salts of complex alumino-acids and particularly sodium 
alumino-lactate, should be wuT^-poisonous, as the harmlessness of the 
zinc aluminophosphates (i.e. of the 2-cements) was thus explained. 
This objection is not well taken, as it is necessary to remember that 
some salts, like the sodium compounds of complex acids, readily 
dissociate and their anions can then enter into reaction. For this reason 
the feebly dissociable zinc salt possesses advantages over the free 
acids. Moreover, it is especially important to observe that Siem used 
extremely dilute solutions, whilst the fluid portion of the 2-oements is 
highly viscous and is thus different from the A-cements. The prob- 
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ability of extensive dissociation or decomposition of the fluid portion 
of the 2-cements in hollow teeth is very remote. 

It should also be noted that, apart from any particular theory, there 
can be no doubt that free acids can combine with nerve-substance far 
more readily than can salts, and from this point of view the 2-cements 
must be more advantageous than the A-cements for physiologico- 
chemical purposes. 

The objection may be raised that the fluid portion of the 2-por- 
celain cements is very concentrated, and that the acid reaction is 
due to a hydrolysis of the salt, i.e. that these salts must contain free 
aluminophosphoric acid, even if only in small quantity. This objection 
is quite erroneous, as the acid reaction of metallic salts is not neces- 
sarily a sign of hydrolysis, because many metallic salts (including 
nickel sulphate, manganese chloride and copper sulphate) which, in 
aqueous solution, react strongly acid may be shown, on physio- 
chemical grounds, to be quite free from hydrolysis. 

As the question whether the acid reaction of an aqueous solution 
is a definite sign of the presence of free acid has not been clearly 
answered, an attempt is made, in the following lines, to deal with it in 
accordance with the experimental material available. 


Does the Acid Eeaction of an Aqueous Solution of an Acid Salt always 
indicate Hydrolysis and the Presence of Free Acid ? 

The non-hydrolysis of a number of acid-reacting solutions of 
metallic salts may be shown : 

(а) By determining their coefficient of conductivity, and 

(б) By spectrum analysis of the solution. 


(a) Gonductivity Determinations 

The following simple means of determining whether a salt is hydro- 
lysed in aqueous solution is due to Ostwald. If the molecular con- 
ductivity of a solution of one gramme-molecule of a salt in 1024 litres 
of water at 25® 0. is represented by /aio 24 ^^^.d the conductivity of the 
same weight of the salt in 32 litres of water at the same temperature 
is represented by /xggj from the difference A between these two numbers 
it can at once be seen whether the substance is hydrolysed or not. If, 
for instance, the difference A is approximately 20, no hydrolysis hal 
occurred, but if A is considerably above 20, a hydrolysed salt is 

present.^®2 

A number of salts, such as nickel sulphate, cobalt chloride, man- 
ganese chloride, copper chloride and copper nitrate, when in aqueous 
solutions react like acids, yet the value of A shows that according to 
Ostwald’s rule they are not hydrolysed, as may be seen ficom the 
following Table, in which no number is significantly above 2Q. 
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Conductivity Difference 
Salt A 

Nickel sulphate 18.6 

Manganese chloride 18.5 

Cobalt chloride 18.2 

Copper chloride 20.5 

Copper nitrate 18.6 


Copper sulphate also has an acid reaction, yet the determination 
of the conductivity of a number of aqueous solutions of copper sulphate 
show, according to Ostwald^®^, that this substance is not hydrolysed. 
Ostwald has shown that the conductivity increases steadily with the 
dilution of the solution, and from this and from the conductivity of an 
infinitely dilute solution he concludes that solutions of copper sulphate 
contain Cu- and SO 4 - ions, but no H- ions. 

(6) Spectrum Analysis 

According to Knoblauch and Nernst^®®, spectrum analysis affords 
a very delicate method for showing the constancy, or otherwise, of the 
constitution of a substance. If the absorption spectrum of a solution 
of the substance changes with the concentration a change must have 
occxirred in the constitution of the substance. According to Nernst^®^, 
innumerable tests have shown that a very small change in the consti- 
tution is readily shown by the difference in the absorption spectrum. 

If acid-reacting solutions of metallic salts, such as copper sulphate, 
underwent the slightest hydrolysis this could be detected by the change 
in the absorption spectrum, so that by examining the spectrum of 
solutions of different strengths it is possible to ascertain whether the 
slightest hydrolysis has taken place. 

Acid-reacting copper sulphate which, according to its conductivity, 
is not hydrolysed in aqueous solution, has also been spectroscopically 
examined by several investigators, including P. Glan^®®, H. W. Vogel 
and Knoblauch^^®. Gian and Vogel found that the solid and dissolved 
substances both have the same absorption spectrum^ so that no change 
in its constitution and therefore no hydrolysis occurs when acid- 
reacting copper sulphate is dissolved in water. 

Knoblauch dissolved half a gramme-molecule of copper sulphate in 
0.37 litres of water and an equal quantity in 325 litres of water ; the 
character of the spectrum of both these solutions was identical and 
Knoblauch therefore concluded that in neither case did water effect 
any hydrolysis of the salt. 

In these ways, the best methods of physical chemistry have shown 
that a number of acid-reacting metallic salts are not hydrolysed when 
in aqueous solution, i.e. they do not contain any free acid. 

The objection may be raised that (a) Carrara and Vespignard in 
^measuring the rate of saponification of methyl acetate at 25® C. by 
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means of copper sulphate, and (6) Davis and Fowler by inverting sugar 
with copper sulphate solution,*^^ have shown quantitatively that the 
hydrolysis of the copper sulphate does occur and that the investiga- 
tions of these scientists, at first sight, appear to show a slight though 
definite hydrolysis. These experiments must, nevertheless, be re- 
garded as useless, as Donnan*'*, who first introduced them, found that 
they were by no means free from objection inasmuch as they contradict 
the results of conductivity determinations. They are specnally 
erroneous as their authors worked on the false assumption that the 
saponification or inversion was effected exclusively by hydrogen- ions. 
If this assumption were correct it must follow that : 

1. The inversion of the sugar must increase with the dilution of 
the acid, as the number of the H-ions increases as the solution becomes 
more dilute. Precisely the opposite is the case : the inversion pro- 
ceeding more rapidly with the stronger acid.*^* 

2. The rate of inversion must be reduced by adding neutral salts 
of the acid used, as this would reduce the number of H-ions. Yet 
according to Nernst the opposite is the case : the presence of an 
equivalent amount of potassium salt of the given acid increasing 
the rate of inversion by about 10 per cent. 

3. Salts which reacd acid to indicators must also invert sugar, as 
they should (on the assumption named) contain H-ions. Yet H. I.ioy*** 
has observed that many salts which react acid to indicators behave 
like neutral salts as regards sugar. 

4. Salts which (•ontain no H-ions should never invert sugar, yet 
H. Ijty and others**® have found that many so-called neutral salts, 
e.g. chlorides of strong luises, invert sugar to a small yet measurable 
extent. The contratliction Ixitwcen practice and the theory that H-ions 
are necessary for the inversion of sugar was explained long ago, 
Arrhenius*** having shown that other ions greatly increase the action 
of the H-ions. If, however, the inversion of sugar may be effected or 
increastui by other ions it is clearly useless to employ this method to 
ascertain what hydrolysis (if any) has taken place in a given solution. 
The above-mentioned facts are also opposed to the assumption that 
sugar invemion can only occur in the presence of H-ions, eui I.iey and 
others have effected it in complete absence of these ions. If, on the 
other hand, it is agreed that anions may influence the inversion, it is 
inifiossible to understand why the inversion cannot be due to the SOV 
ion in the (topjHtr sulphate, as two absolutely unexceptionable methods 
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The physiologico-chemical properties of the A- and S-cements 
fully agree with the properties which have been observed in practice. 


Practical Experiences with A- and lE-cements in regard to their 
Physiologico-chemical Behaviour 

The numerous experiments already referred to leave but little 
doubt that the ^-cements are nerve-poisons and that the S-cements 
are harmless. 

In the year 1904: or 1906, shortly after the silicate cements had 
been placed on the market, several attempts were made to prevent the 
poisonous action of the Jl-cements. For this purpose Selowsky^^^, 
Hentze^^®, Sachs^^^ Bruck^^®, Detzner^^^ Scheuer^^a^ Escher^^® and 
others recommended that : 

1. A very thick cement mixture should be used so that any excess 
of poisonous acid in the fluid would eventually combine with the 
excess of powder. 

2. Before inserting the cement, a neutral material should be 
introduced into the dental cavity, so as to prevent the acid from 
reaching the pulpa. 

In spite of the most careful use of these protective materials, 
dental literature contains many reports of destroyed pulpse and of 
some deaths due to the acid. Thus, in 1906 the following (German) 
dentists reported cases of poisoning and the uselessness of a stiff paste 
and of protecting pieces : Heinsheimer^^^ Silbermann^^®, Reissner^^®, 
and in 1908, Schreiber^^’. In 1909 Baldus^^® confirmed this view. Of 
the many (German) dentists who in 1909 reported deaths due to 
pulpa poisoning caused by .4-cements, only the following need be 
mentioned : C. Wolff, Aachen^^®, Marx^®®, Horstmann*®^, Schulte^®®, 
Gerhardt, Leipzig^®®, Wild*®^, Albrecht^®®, Peckert^®®, Stein-Mann- 
heim^®^, Gunzert^®® and Port^®®. 

Of these, Wild alone found 30 deaths due to A-cements. Still more 
recently, Feiler*^® has reported that in spite of the greatest care, 11 
cases of poisoning occurred, and enquired whether it was right to use 
silicate cements of so dangerous a nature to patients. “ I must say 
that to me each case is a peculiarly unpleasant memory, so that I am 
constantly asking myself whether we are justified in using a material 
which, in spite of the greatest care and sMl, places the patient in so 
much danger.” 

Feiler has also reported a fatal case foUowing the use of an A- 
cement as follows : “ The following incident, told to me by Privy 
Councillor Partsch, is worth careful consideration. I take the foUowing 
from the official medical report : ‘ On the 16th December, 1906, a year 
after the stopping of a superficial cavity in the right upper incisor with 
original Ascher’s silicate cement, R. G. (22 years of age) began to suffer 
indefinable pains in the right side of his face, and several days later a 
pronounced swelling of the right cheek and of the upper and lower 
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eyelids was observed ; fever also commenced. On the 20th December 
an elastic swelling, very sensitive to the touch, was easily observable ; 
the teeth were very painful when pressed, and a similar swelling near the 
fossa cannia was seen. The temperature rose to 40° C. with the pulse 
at 120. General condition much disturbed ; no mental symptoms. 
The dentist trepanned two, whereupon pus discharged from the pulum 
cavum, the swelling increased around the roots of the teeth and con- 
tained an evil-smelling pus. In the evening the temperature was still 
38.5°C.; the pain somewhat reduced. Next day, a general improvement. 
On the 23rd and 24th no pain experienced ; patient taken in closed 
carriage to the dentist for further treatment. On the 25th he made 
a long journey unknown to the doctor. On the 26th headache re- 
commenced and on the 27th the doctor was sent for and found con- 
siderable feverishness and headache, but no trouble with the mouth, 
apart from three vomitings. The doctor diagnosed influenza, but the 
symptoms increased daily, the lid of the right eye swelled, the eye- 
ball was protruded ; general mental symptoms observable ; the pulse 
sank to 66 and became irregular, the knee reflexion was unsatisfactory , 
and considerable deep hyperaesthesia of the legs was found. 

On the 4th of January an operation showed that the processes had 
extended through the fissura orbitalis inferior to the eye-socket, and 
notwithstanding a wider opening it was impossible to prevent the 
spread of the processes. The temperature fell for a short time, but on 
the 7th of January it rose to 40.4® C., with feverish shivering, and 
remained fairly constant with increasing brain disturbance until the 
exitiLS letalis on the 18th of January.’’ 

Schreiber^^^ in 1910, after reporting a whole series of fresh deaths 
from diseased pulpse due to the use of J. -cements, wrote in strong terms 
condemning the impracticability of the preventive methods recom- 
mended. 

Freund^^^, of Breslau, encouraged the use of A-cements, and 
attributed the toxic action of some specimens to the presence of 
arsenic and not to the free acid. A year later (in 1909),^^® after some 
unfortunate experiences with A-cements, he openly joined those who 
accept the acid theory and discussed the question as to who were 
responsible for these ‘‘ accidents” — ^the manufacturers who guaranteed 
their products to be harmless, or the dentist. 

Lartschneider^^^ distinguishes between an irritation of the pulpa 
and destroying it. Under the term ‘‘ pulpa irritation ” he groups all 
the cases in which pain is felt soon after the insertion of the cement. 
In most cases the pain soon ceased, but in some instances it continued 
for several hours. He has observed these symptoms in 6 to 8 per cent, 
of his patients. They were often quite independent of the depth of the 
cavity, and many of the worst cases were those where no trouble was 
anticipated. He noticed that young, delicate, anaemic patients 
suffered most, and considered that the fatal cases might be due to 
ansBmia. 
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Robert Richter also attributes the harm done by these cements 
to the presence of arsenic, and points out the seriously poisonous 
nature of this material. He goes so far as to suggest that the A- 
cements should always be labelled as ‘‘ poison.’’ 

Schreiber^^® also regarded the .4-cements as poisonous, and urged 
that they should be scheduled accordingly. He also suggested that in 
the casei of an accident ” the dentist should be held to be legally 
responsible. 

It is interesting to observe that most investigators consider that the 
poisonous action is due to the free acid. 

A. Masur^^^ reports observations made by the Breslau dentists on 
the destruction of the pulpa a short time after the use of 41 -cements, 
the patients suffering from acute periodontitis. Masur also considers 
that the cause of the symptoms observed is to be found in the cement 
acid. Reissner^^® also attributes the periostitis observed by him to 
the action of free acid. 

Silbermann^^^ definitely assumes that the detrimental action of the 
^[-cements on the pulpa is due to the acid they contain, and has 
endeavoured to prove this assumption experimentally. Later, he 
considered that the arsenic in the cements was the cause of their toxic 
action, but the difference observed in the pulpa after the application 
of arsenic and of an Ascher’s stopping, which had resulted in peri- 
odontitis,” led him to conclude that the damage was done by the acid 
in the cement and not by the arsenic. Moreover, arsenic-free A- 
cements have the same toxic action as others ; hence it is not generally 
agreed that the acid is the poisonous ingredient. 

Kulka^®® has pointed out that, according to Miller^^^, the destruc- 
tion of the pulpa (p. 221) is by no means unusual with zinc phosphate 
cements, and is apparently due to the phosphoric acid in the cement 
fluid. Kulka accepts this suggestion and also the similar one made by 
Ottolenguis*®® ; he also considers it possible that the free acid removes 
lime from the tooth-ivory and affects the pulpa by partial destruction of 
the dentine. 

Feiler^®^ does not accept this view, as he found that on drilling 
through the stopping the dentine above the pulpa was unaffected, and 
that no lime had been removed from it ; he does, however, agree that 
the detrimental action of the .4 -cements is due to the free acid present, 
and refers to Pawel’s^®^ work in support of this. Pawel found, by 
actual experiments on animals, that the acid in these cements can 
penetrate thick layers of dentine and can then damage the pulpa. 
According to Feiler, the chemical irritation of the excess of acid 
affects the vitality of the pulpa through pores or channels in the dentine 
and destroys its power of resistance to bacteria. The latter are thus 
able to pass through the channels in the dentine and to enter the blood- 
stream, thus bringing about violent processes, the intensity of which 
depends on the virulence or pathogenity of the germs present. 

The destruction of the pulpa which results from the use of porcelain 
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cements containing free acids is attributed to the strong acids in the 
cement fluid by the following (additional) authorities : BieU®®, 
Hentze^^^ Sachs^^®, Bruck^®^, Apfelstadt^®°, Schreiber^®^, Wege^®^, 
SchachteP®^, etc. 

Lartschneider^®^ has expressed a doubt as to the action of free 
acid in A-cements on the pulpa. He placed small pellets of cotton- 
wool saturated with the fluid portion of these cements (i.e. with 
cement-acid) in the cavities in infected teeth and closed the cavity 
with a Fletcher’s cap. In some instances temporary pain was ex- 
perienced by the patient, but it ceased after a few hours. In no case 
did he find any appreciable destruction of the pulpa or any periostitic 
symptoms, even though some of these “acid fillings ” were retained 
in the teeth for nine weeks. 

This investigation is of value, but it does not invalidate the “ acid 
theory ” for the following reasons : 

1. Symptoms are, in many cases, only observed after a very long 
time, sometimes as much as a year or more after the introduction of 
the stopping, and the observations made by Lartschneider were made 
in too short a time for the action of the acid to become noticeable. In 
this connection the experience of another dentist — Albrecht ^®^ — is 
interesting. Albrecht was one of the first to use ^.-cements extensively, 
and he could not understand why so many of his colleagues complained 
of their deleterious action. More recently, however, he has realised 
that several “ accidents ” are due to old cases, the damage to the 
pulpa taking some months before it became noticeable. Two cases in 
particular, in which he filled quite shallow cavities with A-cements, 
resulted in the destruction of the pulpa and in periodontitis after more 
than a year, have made him pessimistic with regard to these cements. 

The eventual destruction of the pulpa in the cases quoted by 
Lartschneider is, therefore, by no means excluded. 

2. The plastic silicate mass is pressed into the dental cavity under 
considerable pressure, whereby the free acid may the more readily 
penetrate the pores or channels in the dentine and so reach the pulpa. 
If a pellet of cotton-wool saturated with acid is used, there is little 
or no pressure exerted, and the acid cannot so readily reach the pulpa : 
it may, in fact, combine with the Fletcher cement. 

3. It is not impossible that only certain people are sensitive to 
the action of the aluminophosphoric acids, and that in his experi- 
ments Lartschneider had patients who were not likely to develop 
pulpitis. 

If the harmlessness of the aluminophosphoric acids is assumed, 
to what is the destruction of the pulpa due ? Moreover, Pawel has 
shown the harmful action of strong acids on the pnlpa by direct 
experiments on animals as previously noted (p. 232). 

The most direct proof that the toxic action of the A-cements is 
solely due to the free acid they contain is found in the 5) -cements, 
which only differ from the former in the substitution of a salt for the 
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free acid, yet are found in practice as well as in theory to be perfectly 
harmless. 

No sooner had the poisonous nature of the ^-cements been realised 
than an urgent demand was made for their improvement in such a 
manner that they should lose their toxic action completely. Thus 
Heinsheimer^®® has stated that “ Beautiful and valuable though the 
Ascher cements are, they have one property which is absolutely neces- 
sary to remove, viz. the toxic action on the pulpa. Otherwise, these 
almost ideal materials must be discarded. These views are held by a 
number of my colleagues, and I may frankly say that this serious dis- 
advantage is not due to the use of too soft a mixture or to badly 
prepared material.” 

Greve expresses himself to the same effect : ‘‘ Some of the new 
silicate cements produce excellent results under suitable conditions, 
but an improvement is essential. If this cannot be effected they will 
never attain the popularity which has been prophesied.” 

The warnings of Heinsheimer, Greve and others are all the more 
significant when it is remembered that, according to Pfaff^®^, diseases 
of the pulpa are the cause of other diseases of important organs — 
particularly of the eyes and ears. Thus, deposits of decomposed matter 
on the pulpa, diseases of the pulpa itself and of the membranes sur- 
rounding the fangs, frequently cause neuralgia of the trigeminus, or 
neuritis ascending to the ganglion gasseri (Karewski). The clinical 
observation that the eyes are affected in many diseases of the teeth 
has been made by numerous ophthalmologists. Acute pulpitis, peri- 
ostitis and empyemia of the antrum highmori are stated to be the causes 
of many eye complaints by Alexander, Keyser, Wacher, Lardin, 
Birch-Hirschfeld and others. Pagenstecher and Vossius have also 
reported numerous cases. Amongst other diseases of the eyes which 
have their origin in defective teeth are changes in the optic nerves and 
in the retina ; inflammation of the cornea and of the conjunctiva, or 
of the whole eye-ball ; diminished sensitiveness in the apparatus for 
accommodation and in the iris, affections of the muscles which move 
the eye-ball and eyelids, diseases of the tear-glands and ducts. These 
have been observed by Decaisne, Blank, Schmidt, Schulek, Wedl and 
others. The manner in which these diseases are brought about must 
be sought in the nerves and in the mucous lining of the mouth ; the 
latter extends to the jaw from the ostium pharyngeum tubes to the drum 
of the ear, so that inflammatory processes in the mouth may also 
extend their action for a considerable distance. Otitis media and the 
related ascending neuralgia may also be due to diseases of the teeth, 
according to Boke, Ziem and Winkler. 

Greve^®®, in 1906, attributed the poisonous nature of the A-cements 
to their irrational composition. He considered that the composition of 
the silicate powder does not permit it to neutralise the cement acid, 
and he attributed the dangerous irritation of the pulpa to an excess of 
free acid. It has been shown that in the highly basic zinc phosphate 



RELATIVE DIFFUSIBILITY OF A- AND 2-CEMENTS 236 

cements (p. 221) the use of less acid will not avoid the danger, because 
no separation of the base has occurred by the time the plastic mass is 
placed in the cavity. Nevertheless, Greve’s work is important because 
lie showtHl the value of bases for reducing the poisonous nature of A- 
i'cments. The right way to destroy the yioisonous nature of the silicate 
cements is shown, both by theory and practical experience, to consist 
in saturating the cement a<’id with a strong basis before the fluid 
jiortion of the cement is mixed with the powder ; in other words, by the 
conversion of /l-c«iment8 into E-ccments. 

W. anti D. Asch***, in 1908, published the results of some experi- 
ments with a transparent 2-cement, i.o. with a silicate cement in which 
the fluitl portion consistH of an jwsid-reacting salt solution. Use of this 
cement in practical tlentistry apjwars to bo highly satisfactory : the 
mass proved, in acconlanco with theory, to be perfectly harmless to 
the puipa. The pnudical exyteriencos of Oppler*’®, Wege*’^, Schach- 
te!*’*, 8chreil>er***, Baldus*’^, etc., with this cement have further 
confirmtiil its absoiutii harmleasness. 

Baldus has usttd this cement for more than a year, Wege and 
fw hreiber for stsveral years. Sehachtel has laid this cement on almost 
translncent pulp®, which were very painful at the time of the opera- 
tion, but after a long time no harmful symptoms could be observed. 
Oppler has brought this cement into direct contact with the free puipa, 
yet though thti patients were under observation for a long time, he 
observf^I no irritat ing symptoms, a result which, according to Schreiber, 
is incmiible if -cements are used. 

Henc«f, practical exp€?rienco is in full accord with theory in regard 
to the absedute harmlaisness of the E-cements, just as both are agreed 
as to the essential poisonous nature of the .4 -cements. 

The E-cements have, in their physiologico-chemical relations, other 
sflvantages over the /I -cements. It is open to argument whether an 
excess of cement fluid diffuses more rapidly through the dental capil- 
laries anil into the pulyMi. more rapidly when it is in the form of a 
solution of a salt or an acid. The facts established by Graham’*® 
affoni valiiabln evidence in this connection. According to Graham, the 
wids and aidd salts diffuse more rapidly from a mixture of basic, 
neutral and m id fluids than do the basic and neutral ones. The fluid 
ymrtioiw of the d -cements — which are usually free, or pr^tically free 
aluminopbosphoric'acids — diflfuse, cfMeris paribus, more rapidlj than^the 
E-cemei 
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clear that, cceteris paribus, the 2-cement fluid must diffuse more slowly 
than that of the 4-cements, and therefore the former cements are 
preferable to the latter. 


XV 


A New Theory of Glasses, Glazes,* and Porcelains 

A definite part of the silicates known as glasses, glazes and porce- 
lains are, without doubt, definite chemical compounds in the structure 
of which hexites and pentites play an important part. 

Some of the ‘‘ glasses ” are compounds of simple acids, others, 
like most glazes and the porcelains, are, in so far as they are single 
chemical compounds, complex acids or the corresponding salts. 
Dumas^’^ considered that glass has as definite a composition as 
certain minerals or that it is a mixture of certain silicates ; the glasses 
he examined corresponded to the formula ISTagO • CaO • 4Si02, but, 
as Berthier^^® has shown, a higher silica content in the glass makes it 
harder and less fusible, whilst lime increases its resistance to chemical 
influences ; Benrath^’^ regards as ‘‘ glasses those silicates which 
correspond to the general formula BO • 2 Si02. It is important to 
observe that it was Benrath who showed that the most suitable 
composition for all useful glasses (excluding optical ones) lies within 
the limits of NagO • CaO • 6 Si02 and 5 NagO • 7 CaO • 36 SiOa, in 
which I^a may be replaced by K and Ca by Pb. The occurrence of the 
figure 6 and its multiples is highly significant. 

Zulkowski*^^^ has studied the relationship between the chemical 
composition and the physical properties of glass, and, for certain 
specimens prepared by him, he suggests the following empirical 
formula : 

M%0-M"0-6Si0a, 

and the following structural formula : 


M" 


^0*Si0-Si0-0-Si0-0M' 
\o • SiO • SiO • 0 • SiO • OM' 


In this manner Zulkowski regards glasses as definite chemical 
compounds. At the same time, he regards the refining stage in the 
manufacture of glass as a chemical process and not, as is customary, 
as a purely physical one in which the dross particles are separated on 
account of their higher specific gravity. 

That the 6 SiO 2 in the above formula plays an important part in 
glasses is recognised by Zulkowski, and based on the investigations 
of Schwarz, which showed that the resistance of glasses to the action 


* Glazes are carefully prepared mixtures of minerals which are applied to articles 
in order to impart a glossy surface or glaze, the covering material being melted into a 
kind of glass by heating the article in a kiln or suitable oven. Opaque glazes are termed 
enam&U, but both words are used somewhat loosely. 



237 


THE CONSTITUTION OF GLASSES, ETC. 

of 10 per cent, hydrochloric acid reaches a satisfactory value with 
glasses of the character examined by Zulkowski. The investigations of 
Stas and others have also shown that glasses only become resistant to 
the action of water when their composition is in accordance with the 
above formula. 

It is also of interest to observe that Zulkowski has studied glasses 
with 6 SiOa in the molecule — to which he attributes an analogous 
formula. 

In reality, it is not the number 6, but a multiple of this number 
which is essential, and glasses containing 36 SiOj are particularly 
important. Thus, the normal composition of glass is stated by 
Fischer'^** to be : 

5 NaiO • 7 CaO • 36 SiO,, 

6 K,0 • 7 CaO ■ 36 SiO„ 

5 K,0 • 7 PbO • 36 SiO,. 

Normal glasses of the following formulae have also been reported ; 

6 K,0 - 2 PbO • 2 ZnO • 2 BaO • 36 SiO„ 

3 Na*0 • 3 K,0 • 3 PbO • 3 CaO • 36 SiO„ 

3 Na^O • 3 KaO • 6 PbO ■ 36 SiO,. 

It cannot be said that the three latter formulae represent the mini- 
mum molecular weights, as formulae can be constructed from the same 
data with less than 36 SiOj. Yet if the above formulae are regarded 
as representing the minimum molecular weights, then glasses must 
clearly have at least 36 molecules of SiOj in each glass molecule. 

There are many people who believe that glasses are not single 
chemical compounds, but mixtures or solid solutions. Zulkowski holds 
the opposite view, and has drawn attention to the experiments of 
Mylius and Foerster’**, which show that glasses are not mixtures, but 
true chemical compounds. Zulkowski regards glasses as acid di- 
silicates, because he is not in a position to give a formula similar to 
those suggested by the H.P. theory. 

Of special interest is the composition of alabaster-glass, which, 
according to Zulkowski, is not a double silicate, but a pure potassium 
meta-silicate which belongs to the siliceous glasses. The composition 
of this glass he represents by KjO, 8 SiO^. It is highly probable that 
this glass has a molecular weight at least four times as large as corre- 
sponds to the above, i.e. that the true formula contains 32 SiO*. 

In addition to those passes which may, possibly, be regarded 
as simple silicates, there are the glazes and porcelains which may be 
regarded as fused aluminosilicates or salts of other complex silicates, 
such as salts of borosUicic acid. Zulkowski also considers that “ on 
fusing 4 SiOz, 2 BgOj with one molecule of CaCOg and one molecule 
of soda, the product is not a glassy mixture, bttl'a homogeneous 
glass.” He attributes to the material obtained in this maimer a 
structural formula analogous to that which he assigns to normal glass. 

Assuming that the minimum weight of the chemical compounds 
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known as glass ’’ corresponds to a formula with 36 Si02 and that this 
substance is an acid with the constitution 



in which the positions marked with a + are either direct bonds between 
the Si-hexites or are those to which dibasic or sesquioxide-forming 
elements may be attached, by means of this constitutional formula 
many hitherto puzzling properties of the glasses may be explained. 

It should be observed that in this formula the maximum of 
OH-groups is shown. A series of acids with fewer OH-groups is 
theoretically possible ; from these a series of salts can be produced 
as in the case of the complex ^cids. 

The following lines deal with some properties of glasses which 
are explicable by means of this theory : 

1. Schott^’® has examined “best Thuringian glass ’’ with a com- 
position corresponding to 

8 Na,0 • K,0 • 4 CaO • AUO* • 36 SiO* 

Calcd. 16.05 3.04 7.25 3.30 70.36 

Found 16.01 3.38 7.24. 3.00 69.02 (0.42 Fe^Os and 0.26 MgO) 

in a threefold manner, viz : 

(а) After two years’ exposure to air, 

(б) After heating to 100® C., and 

(c) After heating to the softening point. 

The glasses were carefully cleaned with water, alcohol and ether, 
dried by prolonged standing over sulphuric acid, weighed before and 
after treatment with water and finally after heating in an air bath at 
150° C, The loss of weight was calculated to milligrammes per sq. cm. 

Experiment I : Loss of weight in water 3-5 mg. 

„ „ at 150® C. 0-8 mg. 

After heating in water the glass appeared to be unchanged, but aftef 
heating in an air bath the whole surface became covered with very fine 
cracks; but no flakes were split off. 

Experiment II : Loss of weight in water 2*5 mg. 

„ ,, at 150° 0. 0*8 mg. 

The cracks produced in the air bath were very fine and could scarcely 
be seen with the naked eye. 

Experiment III : Loss of weight in wa|)er 1*8 mg. 

„ at 150° C. 0*6 mg. 

In this case no cracks could be observed even with a lens. 
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From the results of these exporimonts it follows that the constitu- 
tion of tlic glasses te.sted must differ, and it should bo specially noted 
that heating this glass to its softening point had notably improved its 
quality, as is shown by Experiment III. If it is assumed that the 
dibasic; elements ancl the sesquioxido are strongly bound, but that the 
alkali-atoms are labile, the following isomers of the original formula 
may bo t:om;cived ; these appear to confirm the throe foregoing 
exjMirimcnts : 
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it is very probable that, in Experiment III, the compound A is 
formed, ns this fins n symmetrical distribution of the atoms in. the 
mcdfi-tde which would account for its greater stability than the 
t omisiunds II and C. 

It is lif'it* assumed that on storing or heating the glasses examined, 
only the Hlknii-tttottis change places, the dibasic and Al-atoms not 
b« iiig n,lTi*« titl. I’his assumption Is justified by the fact, proved by 
IVeber, that %*cry liuht depression* w ehown by thermometer glasses 
w hich contain jwd assium, but no sodium. If this depression Is due to a 

* Wh*^ fcttuh Iff tcisM am iM<»d tn the menufaetufe of thevmometen, these 
»r» iw omem of time, to InUieete tower taaperetwree then they 

do. Thw ie r»*torred to im the " depmeion ” of t^ thermometer) itis oom- 
moMly ttnslcr»to«i to ho due, in some way, to the ehemi(»l oomiioeitton of the glace 
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rearrangement of the alkali-atoms within the molecule, those glasses 
which contain sodium, but no potassium, should show no depression at 
all. Experiments made by Schott^®® show that this is actually the 
case. 

Thus, glass which contains unmixed alkali (i.e. a pure potash-lime 
glass) when used for thermometers shows a much smaller error owing 
to changes in volume than a glass containing mixed alkalies (i.e. con- 
taining both potash and soda). Thus, a glass which contains unmixed 
alkali’^® showed, after a given time, a depression of only 0*04, whilst 
a glass containing mixed alkali had a tenfold depression, viz. 0.40. 

It is a well-known fact that thermometers made of glass containing 
both potash and soda are erroneous on account of this depression, 
whilst those made of potash alone are quite satisfactory ; this was first 
pointed out by Weber in a lecture before the Prussian Academy of 
Science, in December, 1883. 

2. It is a well-known fact that the behaviour of various kinds of 
glass under the heat of a glass-blower’s lamp varies greatly : one 
kind of glass (window glass) turns matt and rough shortly after it has 
become hot, whilst the glass made in the Thuringian Forest can with- 
stand repeated heating and cooling, and may be blown into various 
shapes and re-melted without showing any signs of physical change. 

Schott’s experiments on Thuringian glass have shown that it has 
the following composition : 

8.25 Na^O • 1.25 K,0 • 0.25 MgO • 4.25 CaO • AUO, • 36 SiO, 

Calcd. 16.21 3.72 0.37 7.54 3.23 68.93 

Found 16.01 3.38 0.27 7.38 3.38 67.74 

All analysis of the sand used in its manufacture showed : 

SiOa Al^Oa Fe.Os CaO MgO K*0 Na,0 

91.38 3.66 0.47 0.31 Trace 2.99 0.50 

Schott therefore assumed that this glass owes its valuable 
properties to the alumina it contains, this being derived from the sand. 
He has confirmed this by preparing various glasses synthetically from 
pure quartz to which various quantities of alumina were added, and 
found that the latter enabled the glass to be worked satisfactorily 
in the blower’s lamp, whilst the former left much to be desired. The 
value of alumina has also been confirmed on the large scale ; the 
addition of felspar or alumina to a glass mixture invariably improved 
the working qualities of the glass. 

Seger’^®, also, made exact experiments on the action of alumina in 
glass mixtures, and has shown that it increases the fusibility of the 
mixture and that the tendency to devitrify is reduced. Weber, in an 
exhaustive treatise on ‘'Depression Phenomena in Thermometers,” 
has stated that alumina is highly important in the manufacture of 
glass : it increases the fusibility and makes it easier to work. 

Schott has also repeatedly observed that the tendency to crystallise 
or devitrify, shown by many glasses with a high percentage of alkaline 
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earths, may be diminished by the addition of alumina. This peculiar 
property of small amounts of alumina (2% to 3%) is readily understood 
in the light of the H.P. theory of the constitution of glasses ; it is due 
to the bonding of the silicon hexites by the Al-atoms. Definite com- 
plexes are formed and may be conveniently termed y-complexes. 

The presence of very small proportions of one substance in another 
has frequently a very marked effect on the latter. Thus, Marignac^®^ 
has shown the enormous influence of 2 per cent, of silica in silico- 
tungstates ; W. Asche^®® and Parmentier have shown the equal 
importance of 2 per cent, of silica in the silico-molybdates, and it is 
very probable that the small amounts of 00263 in the rare-earths used 
for gas-mantles,^®® phosphoric acid in the blood, and carbon, tungsten 
and other '' impurities ” in steel play a highly important part in the 
characteristics of these substances. 

3. Forster ^®^ and Kohlrausch^®® have independently proved 
experimentally that glass is attacked by pure water more strongly 
than by acids. Forster has also found that a given glass will lose the 
same weight when treated with sulphuric, hydrochloric, nitric or acetic 
acid, of either one-thousandth of the normal,* or ten times the normal 
strength. With concentrated acids, Forster found the action to be 
weaker than with more dilute ones. 

This property may be explained in the light of the H.P. theory, as 
follows ; The water causes alkali to become separated from the 

molecule, and this, to some extent, reacts in a secondary manner on the 
hexite and partially converts it into pentite, as the authors of the 
present volume have frequently observed in studying the complex 
salts. With acids, on the contrary, only the acid- water reacts and 
causes a partial separation of the alkali in the glass. This alkali is at 
once neutralised by the acid and so is prevented from having any 
secondary action. In this manner the more powerful action of water, 
as compared with acids, may be explained. 

4. The cause of the phenomenon known as devitrification ’’ was, 
until quite recently, extremely puzzling and has not been ascertained 
with certainty. For instance, Zulkowski considered that devitrifica- 
tion is due to the presence of subsidiary silicates. Thus, a glass made 
from a mixture corresponding to the formula : 

9 Na^O -f- 10 CaO -f* 60 SiOa? 
is stated by Zulkowski to be : 

8 (CaO • NaaO • 6 SiO*) + 2 (CaO • 4 SiO,) -f- Na*0 • 4 SiO, 

True glass. Subsidiary silicates. 

The glass is thus regarded by Zulkowski as composed of 8 molecules 
of normal glass with 2 molecules of calcium tetra-silicate and 1 mole- 

* “Normal acid ” is of such a strength that 1 o.c. of it will exactly neutpalise 0*040 
gramme of NaOH or 0 053 gramme of Na 2 COg, hence 1 c.c. of “ one-thoxisandth normal ** 
or milli-normal acid will exactly neutralise 0*000040 gramme NaOH and 1 c.c. of “ ten 
times normal ” acid will neutredise 0*400 gramme NaOH or the equivalent weight of 
any other alkali. 
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cule of sodium tetra-silicate. These subsidiary silicates are, according 
to Zulkowski, the cause of devitrification. 

In the opinion of the authors of the H.P. theory, the experiments 
of M. Groger’^® throw a special light on the subject of devitrification 
and lead to the true causes of this phenomenon. Groger examined a 
devitrified bottle glass made in the works of the Austrian Glasshiitten- 
gesellschaft at Aiissig. It consisted of crystalline nodules which, on 
fracture, were composed of radial fibres of a matt greenish- white tint. 
In these nodules completely transparent, dark green masses are 
embedded. Groger analysed both the transparent masses and the less 
transparent devitrified portions and found that their chemical com* 
position was identical and corresponded to the general formula : 

2.5 R 2 O • 4.5 RO • AlaOa • 15 SiOa, 


0.25 KaO 2.25 NaaO 0.25 Mg 0 3.5CaO0.5MnO 0.25 FeO AbOa 15 810* 

Theory: ? 


1.64 9.75 0.70 

13.70 

2.48 

1.24 

7.13 

63.36 

Found in devitrified portion : 

1.52 9.76 0.61 

13.38 

2.49 

1.39 

7.73 

63.79 

Found in transparent portion : 

1.45 9.78 0.73 

12.81 

2.47 

1.39 

7.42 

64.39 


In this manner Groger confirmed the statement of Pelouze that the 
devitrified portions are of the same composition as the glass itself, and 
also that of Benrath in which the errors in the view previously held, that 
a devitrified glass is more siliceous than a normal glass, were exploded. 

Groger also investigated the physical and chemical properties of 
both portions in order to ascertain the cause of the devitrification. 
He showed that the two portions differed considerably in both physical 
and chemical properties. For instance, the transparent portion is 
much more fusible than the devitrified portion. 

Again, when treated with concentrated hydrochloric acid the 
devitrified portion was almost dissolved completely, whilst the 
transparent portion remained unattacked. From this, Groger con- 
cluded that the devitrified portion consisted of two different substances 
and endeavoured to separate them by digesting for twelve hours with 
concentrated hydrochloric acid. Both portions — ^the soluble and the 
insoluble — were analysed and conformed to the following formulse : 

For the soluble portion : 

10.25 RO • 0.75 RaO • 0.12 SiO*. 

For the insoluble portion : 

1.75 RO • 2.25 R,0 • A1*0, • 12 SiO*. 

These figures were deduced from the following data : 

0.25 FeO 9.5CaO0.5MgO0.75NaaO12SiO* , - 

Theory 1.35 39.80 1.49 3.48 53.88 

Found 1.16 39.30 1.33 3.57 52.89 0.27iInO 0.36 KtO 


THE CONSTITUTION OF GLASSES, ETC. 24j3 

0.25 PeO 0.25 MnO CaO 0.25 MgO 2 Na^O 0.25 K^O Al^Oa 12 SiO* 
Theory 1.67 1.65 5.20 0.92 11.53 2.18 9.48 67.37 

Found 1.88 2.60 5.83 0.73 11.27 1.28 9.44 66.97 

In the light of the H.P. theory, the devitrification of this mass is 
readily explained. The clear portion consists of a perfectly stable 
penta-componnd which, in time, parts with a simple silicate and is 
converted into a hexa-compound. Groger interpreted his results in a 
similar manner and considers that the devitrification is due to an 
unmixing of the glassy mass. In other words, devitrification is not a 
molecular change, such as occurs when amorphous arsenic acid is 
converted into the crystalline modification (Pelouze), but the con- 
version of an unstable compound into a stable one by the separation of 
a definite constituent. This conclusion agrees completely with the 
interesting results obtained by O. Schott’*^ in the microscopical 
examination of numerous devitrified products. Schott found that 
de vitrified glasses contain crystals of woUastonite (calcium silicate), 
and the existence of this substance as an integral part of devitrified 
glass is shown in the above analysis. 


As far back as the year 1900, Zulkowski"^^^ endeavoured to refer 
the properties of glass to its chemical constitution and found that, at 
that time, the only properties to which glass manufacturers and others 
paid much attention were of an aesthetic nature, such as the shape of 
the articles made, and the colour, transparency and light refractivity 
power of the glass. The chemical properties of glass, i.e. its resistance 
to weather, water and various chemicals, had scarcely been studied at 
all, and Zulkowski very wisely pointed out that many articles of a 
domestic or aesthetic nature, to say nothing of the innumerable 
technical and optical articles made of glass, and those used in the 
experimental sciences, require that glass should possess not only certain 
physical properties, but the stiU more important chemical ones, and 
yet the study of the latter has been almost entirely neglected. 

Nevertheless, the chemical structure attributed to glass by Zul- 
kowski does not sufiBlciently explain the various properties which have 
been mentioned in the present chapter, whereas the H.P, theory does 
explain them satisfactorily. 


The Oheioical Oonstitation of Coloured Glasses 

Coloured glasses of the most varied tints may be prepared by 
means of suitable preparations of copper, silver, gold and iron, and 
attempts to learn the chemical constitution of these glasses have been 
made by numerous chemists. Zulkowski, for instance, regards them 
as mixtures of various silicates, one of which contains the colouring 
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oxide. Thus, according to him, the ferrous oxide in a glass is contained 
in a silicate of the following formula : 


.0\ 

SinO,n-i\ /Fe or 

^ONaNaO\^ 

SinO an — 1\ /SinO an — 1 

^0 • Fe • 0^ 


The constitution of coloured glasses is of extreme importance, both 
scientifically and artistically. The most widely adopted view is that 
glasses are colloids and that the colouration is of a colloidal nature. 
That the source of the colour of glasses is analogous to that of organic 
compounds does not appear to have been suggested, and it is therefore 
of great interest to consider it with the assistance of the H.P. theory. 
When this is done the surprising conclusion is reached that coloured 
glasses possess a structure analogous to that of the organic dye-stuffs 
and that the colour of the glass is due to the chromophore groups and 
salt-forming groups in accordance with the theory which Witt devised 
for organic dye-stuffs. 

Glasses do not belong to a single class, but, as their analyses 
indicate, to several classes of compounds, some of which are simple 
and others highly complex. This may be readily observed in the 
following types of glasses : 



8 R*0 • 6 RO • 36 SiO, 



A1 + A1 



8R,0 •2R0* AlaO, *36SiO, 


A. 


B. 



4 RjO • EO • 6 BaOa • 24 SiO* 


/ 

1 

\ 

(3 EaO„- 7.5 BsO, • 6 SiOa), etc. 
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In the positions marked -j- not only acid groups, but also groups 
of metallic oxides (in either -ous or -icform) may enter. The intro- 
duction of such acid or metallic oxide groups may conveniently be 
termed central acidising or central metallising and the groups them- 
selves may be termed centralisers. 

All these centralisers have an important influence on the rings, as 
will be shown later. At the moment, however, the metallic central- 
isers are the most interesting, as they give to compounds containing 
them the property of absorbing certain selected rays of light, i.e. 
the metallic centralisers are excellent chromo'phores. 

The structure of these chromophore groups may be explained as 
follows : The positions marked + in the foregoing structural formulae 
are supposed, for the moment, to be occupied by CuO. One of these 
positions may then be represented by : 



O 0 

\/ 

Cu 


Cu 


/\ 

0 0 


Si 

A. 


This group may lose oxygen and so be converted into the group : 





B, 
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On further reduction, group B forms the group : 


Si— 

I 

0 

I 

Cu 

1 

Cu 

1 

0 

1 

Si— 


c. 


Group C can also part with oxygen or copper. 

Group B is the chromophore group which, on reduction, forms the 
leuco-group C. The latter, on oxidation, again forms the chromophore 
group B. If, during this re-oxidation, a little of the separated metal 
remains unoxidised, a coloured glass will be obtained in which small 
quantities of free metal occur simultaneously with the chromophore 
group. 

Decolouration by reduction and re-colouration by oxidation have 
been repeatedly observed in organic dye-stuffs. It was first pointed 
out by C. Grabe and C. Liebermann’^®, who found that all the coloured 
organic compounds which they examined became colourless on 
reduction. The reduction may cause the direct addition of hydrogen 
without the loss of any element from the molecule, or it may be effected 
by the simple removal of oxygen from the compound. 

Besides the chromophore groups, the side-chains have also an 
important influence on the colour. In coloured glasses these side- 
chains are of a basic nature, and, in accordance with Witt’s theory, 
these glasses should be classified as “ basic colours.” 

Witfs Thex)ry , — ^According to 0. KT. Witt’®^, the colour of aromatic 
compounds is due to the simultaneous presence of a colour group or 
chromophore, and of a salt-forming group. The chromophore is more 
active, i.e. it produces a stronger colour, when the dye is a salt than 
when it is in the state of either a free acid or a free base. 

In organic dyes and colours, the colour-substances must contain 
chromophore centralisers such as are required for coloured silicates by 
the H.P. theory. Such colour-substances are typified by some dyes 
containing the so-called triphenylmethane group. The oxidation 
products of the compounds : 


CHf-CM, • NH« 
\C.H. • NH. 

Paradeucaniline. 


C(0H)^JE4 • NH, 

\C.H.(CH,) • NH. 

KoBamlme. 
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/C,H. • NH, 

C^.H4 • NH, 

I \CJl 4 -NH-HCl and 

I 1 


/C,H4 • NH. 

C^C.H. • NH. 

I \C.H,CH, • NH • HCl 

I L 


are basic dyes on account of the basic groups, though the materials 
from which they are prepared — ^paraleucaniline and rosaniline — are 
colourless. The structure of these colours may, according to the H.P. 
theory, be written as follows : 



NH, 




These new structural formulae are in as complete agreement with 
the properties of these substances as the ones generally seen in text- 
book and have, in addition, the following advantages : 

1. They show a complete analogy with the coloured glasses, 
inasmuch as both the organic compounds and the glasses are shown to 
contain chromophore centralisers ; in the former case, carbonic 
centralisers. 

2. As distinct from the usual structural formulae, the new ones 
show definite symmetry, which makes the new formulae more probably 
correct than the older ones. 

3. The difficulties connected with difference in behaviour between 
the central ring and the two others in the older formulae do not occur 
in the new formulae, as in the latter the groups are arranged differently. 
There are many other instances in which this difficulty, encountered 
when the text-book formulae are used, is avoided by the employment 
of the new formulae. 

With the assistance of the H.P. theory in combination with that of 
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Witt, the possible existence of the following coloured glasses containing 
copper may be predicted : 

Type I. 

A. 8 R4O • 6 R'O • 3 CujO • 36 SiO, 

B. 8 R,0 • 10 R'O • 3 Cu,0 • 36 SiO, 

C. 8 R,0 • 12 R'O - 3 Cu,0 • 36 SiO. 

D. 8 R.O • 16 R'O • 3 Cu.O • 36 SiO, 

E. 8 R,0 • 17 R'O • 3 Cu.O • 36 SiO, 

F. 8R,0- nR'O • 2 Cu.O • 36 SiO, 

G. 8 R.O- nR'O- Cu.O -36 SiO, 

H. p(8 R.O • nR'O • 36 SiO,) + q(8 R.O • nR'O • Cu.O • 36 SiO,) 
Type II. 

A. 6 R.O • 4 R'O • Cu.O • B.O. • 36 SiO, 

B. p(6 R.O • 4 R'O • Cu.O • B.O, • 36 SiO.) + q(6 R.O • 4 R'O • B.O, 

• 36 SiO.) 


Type III. 

A. 7 R.O • 7 R'O • Cu.O • Al.O, • 36 SiO. + 7 R.O • 7 R'O • Al.O, 

■ 36 SiO, + Cu, 

B. p(7 R.O • 7 R'O • Cu.O • Al.O, • 36 SiO.) + q(7 R.O -7^0- Al.O. 

• 36 SiO,) + rCu., etc. etc. 


These three types of glass must obviously differ in their properties. 
The glasses in the first group are simple silicates, those in the second 
group are the Gamma Complexes, in which the copper is more strongly 
combined than in group I. In the third group the glasses are also 
Gamma Complexes, in which free metallic copper occurs in addition to 
the copper in combination. 

[The existence of coloured glasses containing other metals in place of copper and 
of a completely analogous constitution is equally possible.] 


The H.P. Theory and the Facts 

Only one glass in the first group mentioned above has yet been 
prepared, namely Por'pora* which, according to Zulkowski’®^, corre- 
sponds to the formula : 

8 EaO • 17 E'O • 3 Cu*0 - 36 SiO,. 

* Porpora glass is defined as a glass which has a rusty red colour by reflected light 
and a purple-blue colour by transmitted light, the colour being due to a small proportion 
of copper added to the batch. 
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The analysis of this glass when re-calculated, in accordance with 
formulae suggested by the H.P. theory, is as follows : 

6.25 NaaO 1.75 KjO 4.5 CaO 10.5 PbO IFeO 1 MnO SCu^O 36 SiO^ 

Theory 6.57 2.79 4.27 39.74 1.22 1.20 7.28 36.91 

Found 6.31 2.60 4-31 39.06 1.29 1.50 7.89 35.80 

Trace AI2O3 


Zulkowski has also analysed a glass belonging to the second group 
and known commercially as Copper Ruby, This analysis corresponds 
to the formula : 

6 R2O • 4 R'O • 0.5 CU2O • B2O3 • 36 SiO* 



3.25 KaO 2.75 NajO 

0.6 SnO 

0.76 MnO 

1.75 PbO 

ICaO 

0.6 CuiO 

B,0, 

sesiOi 

Theory 

9.10 

5.07 

1.99 

1.59 

11.62 

1.67 

2.12 

2.08 

64.76 

Found 

9.11 

5.13 

2.16 

1.91 

10.71 

1.52 

1.63 

2.53 

64.80 


Traces of FeO • AI2O3 • MgO 


Zulkowski has also analysed aventurine, a glass belonging to the 
third group. Part of the copper in aventurine glass is in the free state, 
but if all the copper is considered to be in combination the analysis 
corresponds to the formula : 

7 R,0 • 7 R'O • Cu,0 * A1,0, • 36 SiO. 


1.5 KaO 

Theory 4.19 
Found 4.46 


5.6NaaO 0.5 PbO 

10.15 3.22 

10.22 3.07 


0.25 PeO 6 0a0 

0.53 8.33 

0.68 8.74 


1.25 MgO Cii,0 

1.49 4.25 

1.57 4.90 


AlaOa 36 SlOa 

3.03 64.71 

2.16 64.52 


The structural formulae of these glasses when arranged in accordance 
with the H.P. theory are as follow : 


Porpora glass 
3 2 3 
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Copper Ruby glass 
tl I 



Aventurine glass 



Cuj 


A large series of facts which, have, hitherto, been inexplicable is in 
complete agreement with these structural formulae. For example : 

(a) On comparing the structure of the ruby glass with that of the 
porpora, it is clear that the chromophore 

/ Si — 0 — Cu 2 — 0 — Si 


in the ruby glass is in the first y-complex, whilst the corresponding 
chromophore groups in the porpora glass are combined with a simple 
polymerised silicate. 

From the H.P. theory, a rmsTcing of the CugO in copper ruby glass 
may be predicted, i.e. this oxide will not be recognised by ordinary 
tests so readily as it is in the porpora glass. This interesting conse- 
quence of the theory is found to be in complete agreement with the 
experimental evidence. 

According to Rose and Hampe’^®, cuprous oxide and silver nitrate 
react as follows : 

3 CU 2 O + 6 AgNOa + 3 H 2 O = 2 CuaHaNOe + 2 Cu(N03)a + 6 Ag. 

Zulkowski^®^ used this reaction in his studies of the copper ruby 
and porpora glasses and found that whilst the porpora glass effected 
a separation of metallic silver in accordance with the equation, the 
copper ruby glass showed no such separation, even after many weeks. 

(5) From the structural formulas of these three glasses it follows 
that only the aventurine contains free metallic copper. The facts fuUy 
conflr:^ this consequence of the theory. For example, Wohler found 
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that on placing this glass in a solution of mercuric chloride it became 
white and copper entered into solution — a clear sign of the presence of 
metallic copper. It might, of course, be argued that cuprous oxide, 
which is also present in aventurine glass, would produce the same 
result, but this argument has been met by Zulkowski’^^ who treated 
the powdered glass with an ammoniacal solution of copper. In the 
presence of metallic copper the reaction with this solution would be 

Cu + CuO = Cu,0, 

and the solution must be decolourised. Zulkowski placed a weighed 
quantity of finely powdered aventurine glass in a test tube and then 
added an ammoniacal solution of copper sulphate in such an amount 
that the metal in it was equal to one-quarter of the copper in the glass. 
The tube was then sealed and heated on a water bath. After 15 hours 
the deep blue colour of the solution was entirely discharged, thus 
proving beyond all doubt that aventurine glass contains free copper. 

Zulkowski has also shown by similar tests that porpora and copper 
red glasses contain no free copper. In the case of porpora the colour 
of the solution was not affected in the least nor was the tint of the glass 
changed, even after three years. The test was not so prolonged with the 
copper red glass, but even after several weeks the colour of the 
solution was not changed in the least. These tests show beyond all 
question that the porpora and copper red glasses contain no free 
metallic copper, but that it is present in aventurine glass. They also 
shatter the opinion, commonly held, that the colour of the two glasses 
first named is due to their ability to dissolve metallic copper and re- 
tain it in solution in its metallic state. 

(c) The structural formulae of porpora, copper red and aventurine 
glasses also show that the colour is due to a definite chromophore 
group and not merely to dissolved cuprous oxide as is frequently 
stated. The investigations made by Seger’®^ on coloured cuprous 
glasses are in full agreement with this consequence. This investigator 
showed that an alternately reducing and oxidising atmosphere is 
necessary in the production of these glasses, and that the difficulties 
in manufacture were not so much due to the glass itself as to the correct 
atmosphere in the furnace. Seger found that the same glass-mixture 
would produce all shades, from black, through brown, to bright red or 
yellowish green, and that different parts in the same melt would vary 
enormously in colour, according to the nature of the gases which 
entered the crucible ; that some melts would be of good colour whilst 
others of the same batch would be quite devoid of red and would, 
instead, be black or grey. 

All these variations show that red glass must have a definite chemical 
constitution, that it must contain certain chromophore groups, and not 
be merely a solution of copper or cuprous oxide. Seg^ confirmed 
this view whenhe added 1 percent, of cupric oxide to a glass correspond- 
ing in composition to 

3 NaaO • 3 CaO • 3 BaO,- 15 SiO,. f 



{d) it has, hitherto, been impcwiiiibhi U» iittilertiianif why 
gloKHOs ehouM contain euch wniAi! fiuAntitiiw of fn^ run- 

stituentii. Not only can this fact now be e*|»l*inwJ, bat il m m 4iiwct 
consequence of the H.P. th^ry. 

* Sferiotly, thL» in not mouUlio eojppor «t *11, ImiI iIwi ®r ttw mdm»4 

leooo-oompCKmd (p. SttO). 


Thin mixture wah placed in a jKirci'iaiji ♦ rii« >hlc h w ih th* ii pi 
in a platinum one. The platinum f ru» jblc »iM titled aitij a pur- • kjn 
lid through which protrmlcd a pom-hnn Hihc «4 umiill hot'* •>!< 
heating the crucible to 400 ' U> noo * ami piw*dn« a ».lrcatn «d hydrogen 
or carbon monoxide through the tjdw*, the «’op}<*T «»siile uai* re*ln<«i, 
but the glass did not fuw ; it merely formed a red « Imher. itt» rai»ij»g 
the temperature to Or.0” and ermtinumg the f*tream oj mg ga*. di.< 
metallic copjK^r previously formetl dis/ipjs'arcd, tie* parlj> l« -> dtwdvUig 
in the molten ghiHs, ami the eoltmr of llie • h«ngc<l from r«’*l to a 
greenish grey. On pmvdering this grey ghiH*. and reheating I'Oh 
white ghtHH to whieli a little oxhlising agent, »tn b iw 1 js-r m-iiI iron 
oxide, tin oxide or a sulphate like gypsum, hwl l»e«'n wided and »«!»• 
Htituting a stream of air for t he forn»t*r re«l*n ing gas. ,'h*ger obi«iiie<l 
a red glass. 

He explained this phenomewm by sM|»po»mg that the oxygen eon- 
verted the black metalHe eop|HT • jnt*» red i tiprous oxid** »m! the latter 
gave the ghuts Its red colour. Hcger sugge»ti«l the llmw f«4lt»win| 
equations as showing what occtirnsi with *iilfcren» oxtdant* 

2Cu I Fc,0, fu.tt i 'I Fetl 
2ru -I Knt), sfu.H i Hi, C l 
2Cu t HO, t fij.O 1 HO,. 

The correctness of the last equation i* by the voltimirwtt* 

development of gas during the fusion. 

Tho red glsss thus forrmal may clearly b»* refimienfcdl by the 
following formula ; 


X / \ - 


in which it is assumed that only a portion of the glaas contaifw the 
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(e) According to tlie theory there is a definite maximum for the 
metallic constituents to which the colour of glasses, etc., is due. This 
maximum is not exceeded in the glasses mentioned on preceding pages, 
and further investigations will only show that it must not he 
exceeded. 

It is highly probable that glasses containing silver and gold are 
completely analogous to those containing copper, but to prove this it 
will be necessary to re-calculate the analyses of these glasses and to 
consider their characteristics and properties with the aid of the H.P. 
theory. 

In reviewing the German edition of the present work, C. Desch^^® 
urged that the use of “ definite formulae ” for glass and porcelain is 
unjustifiable. This is not surprising, as Desch has so strongly com- 
mitted himself to the view that cements, glasses and porcelains are 
all “ solid solutions.” Of various theories, that one is most likely to be 
correct which explains the most facts and permits the prediction of 
the most properties, and on this basis the H.P. theory, like all 
others, must be judged. The authors of the H.P. theory have never 
suggested that the structural formulaa they assign to various substances 
are in any sense ‘‘final,” and they readily admit that they must be 
altered whenever other formulae which correspond with more proper- 
ties are discovered. Meanwhile, the fact that, at present, they 
explain more properties than any other formulae yet devised is a 
sufficient reason for the formulae deduced from the H.P. theory^ 
Moreover, so far as the authors of this theory are aware, there is, at 
present, no real ground for doubting the correctness of their conclusions. 
On the other hand, what good does it do to assume that glasses are 
mixtures or solid solutions ? Such a view, which is held by many 
chemists, including all the chief critics of the H.P. theory, does not in 
any way advance the cause of science, because it fails to explain more 
than a very small proportion of the facts, whilst an enormously large 
number of them are fully explicable in accordance with the H.P. 
theory. Under these circumstances, is it too much to say that the 
deductions from the H.P. theory approximate far more closely to the 
true structure of the substances concerned than do the “ mixture ” 
and “ solid solution ” hypotheses ? 

It should be observed that in this volume the authors have made 
nd attempt to show that all commercial glazes, glasses and porcelains 
are definite chemical individuals, though, without doubt, many of them 
are such. In the following pages the analyses of a number of glasses, 
glazes, and porcelains have been calculated into the molecular form, 
those materials being selected which, on account of their excellent 
physical and other properties, appeared likely to consist of definite 
chemical compounds. This calculation of the formulae should prove 
of value in the further study of these materials. 
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Fomtilai of Md Foittlaiai 

The following analyses of thms Jetni gliW4Hr!4 an* fak^ n fr im 
Hovestadt’s book on the subject : 

(а) Jena glass 3 III has the following c-dtnjHwiti.m : 

3 Na,0 • 3 CaO • 0.25 Al,0, ■ <»,75 B,0, • 12 SiO, 

Calcd. 16.07 14.52 2.20 4.53 

Found 16 16 a 4 «2 

(б) Jena glass 6 III has the following oomjKwifioJi ; 

3 Na,0 • 0.6 K.O • 0.75 Al.O, • 0.25 »,0, • 15 BiO, 

Calcd. 15.18 3.84 4.17 2,H1 73.07 

Found 16 5 5 2 »3 

(c) Jena glass 13 III has the following fomimit ion : 

1,5 K.0 • 2.5 ZnO • B.O, • 10 KiO, 

Calcd. 13.86 19.91 6.86 59.37 

Found 15 20 7 58 

(d) The composition of a glass highly prijwwl for rhampapw holile*. 
analysed by Maumen^*®^, is : 

4 CaO • 2 Na,0 • 0.26 K.O * 0.25 Al.O. * 0.75 Fr.C), ■ 12 HiO, 

Calcd. 18.05 9.98 1.H9 2.05 ».«M1 58 37 

Found 18.60 9.90 1.80 2,10 8,90 5« l« 

According to F. Fischer***, the comptisition of the glaw* onliimrily 
used for porcelain conwponds to the formula : 

EO • 1 to 1.25 A1,0, • iO to 12 Bit),. 

The following Tables have been ealeulateti from various analy*«i of 
porcelain and porcelain glazes publiaheci by Segwr***, 

I. Fimnul* td OiasM 
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0.42 
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II. Fomulffi of Porcelains 


; No. 

SiOj 

AJaOa 

Percentage of 

1 FeaOu 1 MgO | KaO 

NaaO 

HaO 


O o 
“ a 

cules 

SlOa 

HaO 

Source of the Porcelains 

{ 1. 

63.95 

25.59 

0.69 

0.54 

2.07 

0.98 

6.62 

0.5 

3 

12 

4.0 

Socidt6 anonyme do 
Hal (Belgium). 

! 2. 

63.07 

24.67 

0.59 

0.40 

4.25 

Aik. 

— 

7,00 

0.5 

3 

12 

4.5 

Berlin porcelain, 1877 

3. 

63.48 

25.00 

0.51 

1.06 

CaO 

2.26 

1.19 

6.76 

0.5 

3 

12 

4.0 

A. Hache & Pepin, 
Schalleur, Vierzon. 

4. 

60.53 

26.37 

0.75 

0.69 

CaO 

2.95 

1.44 

6.39 

0.5 

3 

12 

4.0 

L. Sazerat, Limoges, 
body for heavy 
porcelain. 

5. 

60.42 

26.47 

0.52 

1.37 

CaO 

2.75 

1.60 

7.19 

1.0 

3 

12 

5.0 

L. Sazaret, Limoges, 
ordinary body 

6. 

76.75 

18.44 

1.17 

0.02 

CaO 

4,23 

0.17 

— 

0.5 

3 

18 

— 

Japan IV, Biscuit of 
egg-shell porcelain. 

7. 

71.31 

19.74 

0.73 

0.17 

CaO 

4.04 

0.1 

4.01 

1.0 

3 

18 

3.0 

J apanese Body II. 

8. 

71.60 

18.71 

1.19 

4.16 

0.18 

4.68 
<fe org. 
Subst. 

1.0 

3 ! 

i 

18 

4.0 

Japanese Body III. 

9. 

65.79 

23.61 

0.31 

1.59 

CaO 

2.01 

1.73 

5.89 

1.0 

3 

15 

4.5 

Guerin & Co. (Body 
for figures). 


69,32 

23.64 

0.83 

0.86 

CaO 

2.66 

.1-82 

5.98 

1.0 

J 


^4,5 

Guerin & Co. (su- « 
perior body). s.. 

11. 

65.61 

23.07 

0.65 

0.80 

CaO 

2.94 

2.72 

4.50 

1.0 

3 ! 

15 

3.5 

Guerin <fc Co. j (su- 
perior body). 

12. 

66.00 

22.59 

0.36 

1.68 

CaO 

2.71 

1.80 

5.59 

kO 

3 

15 

4.0 

Guerin & Co. (ordin- 
ary body). 

13. 

64.52 

22.07 

0.97 

2.10 

CaO 

1.35 

3.13 

5.60 

1.0 

3 

16 

4.0 

J, Poyat, Limoges 
(ordinary body). 

" 14 . 

66.78 

22.70 

0.55 

0.97 

CaO 

1.09 

CaO 

1.77 

CaO 

1.07 

1.51 

6.07 

0.5 

3 

16 

4.5 

Carlsbad Body I. 

15. 

65.17 

23.03 

0.51 

^ 2.92 

' 0.90 

5.98 

0.5 

3 

16 

4.6 

Carlsbad Body II. 

16. 

64.28 

23.49 

0.87 

1.11 

3.07 

5.48 

1.0 

3 

16 

4.0 

J. Poyat, Limoges 
(superior body). 


66.97 

20.92 

0.64 

2.06 

CaO 

2.75 

0.41 

5.43 

1.0 

3 

16 

4.0 

A. Hache & Pepin 
(superior body). 

X 18. 

52.94 

28.91 

0.48 

3.99 

CaO 

1 0.17 
IMgO 

1.7 

0.68 

2.48 

COa 

9.12 

2.0 

6 

18 

10.0 

Sevres, Body for 
table-ware. 

19. 

74.53 

16.09 

1.03 

0.06 

CaO 

0.25 

MgO 

4.37 

1.19 

2.83 

1.0 

2 

16 

1 2.0 

J apanese Body I. 


From a 8tu<iy of the foregoing formulae it will be seen that there 
is a great probability of the hexites or pentites playing an important 
part in the structure of the substances under consideration. 

ZVI. The Hezite-Pentite Theory as a Oeneral Theory of Ohemical 

Compounds 

The following facts make it appear probable that the new hesdte- 
pentite, or more briefly the H.P. theory, which origmated in connection 
with the aluminosilicates, is capable of application as a general theory 
of chemical compounds. 




266 


CONSEQUENCES OF THE H.P. THKOIiY 


A. The H.P. Theory and the Composition of the Metal-ammoni** the 

Belated Oomponnda 

The H.P. theory appears to b(» of spctcial value with rogartl t<» the 
constitution of the metal-ammonias ami the relate*! e*»m|«um<ls. In 
Gmelin-Kraut’s “Handbuch ” (190b. V, p. .'137) anunilM-rof 
termed metal-ammonias are described, and from tht* empirieal formtil* 
there given, the following may be selci-fed as being likely t<» rontam 
hexite or pentite radicles : 

[Co(NH,).],a«(PtCl.) i H,0, [Co(NH,).|,{PtC’l,ia. • 2 H,0. 
[Co(NH,),][Cr(CN).], [Co{NH.).l[Fe{CX ).). (Co{ NH ,),K( V.(( 'N i 
[Co(NH,).][Fe(CN).] - 1 J H.O. {(Vi(.\»,),pVdCN,)!. 
[Co(NH,).NO,],[Co(NO,),]., [(Jo(NH,),NO,lHO. • H.<b 
[Co,0.(NH,)i,](NH,). • 2 H,0, etc. 


»«]• 


Of special interest are the compounils ; 


X = NO„ Hr, Cl, etc. 

Co*(NH,)xo(NO,).a • H.o, 

Co*(NH,)„(NO,)„ • H,0, Co.(XH,)„(.SO.).CO, • 4 11,0, 

Also the compounds : 

2 Na,0 • C«,0, • 5 N,0, ■ H,0. 

3 Na,0 ' Co.O, • « N.O, • H.O, 


and the cobalt oxalates ; 


Na,(NH,).Co,{C.O.), ■ 7 H.O, 

K,NaA>t(C,(),), ■ 0 H,0. 

K,Na„Co,(C,0.)„- .32 H.O, etc. 

The hexites clearly play an important part in the following r-om- 
plexes of nitric acid, prepared by Oppenheim **’ : 

K.Ni(NO.)., K.BaNi{NO,)., K.SrXi{NO,)„ K.CaNi(KO,j,. 
K.PbNi(NO.). and Ba,Ni(NO,)„ 

from which it is impossible to substitute another metal for the Ki bf 
any of the ordinary methods of double decomposition. 

The following penta^rapounds ; 


K.Cu(NO.)„ K.Zn(NO,), • 6 H.O and K.HgCNO,). • H.O. 

also prepared by Oppenheim, are interesting, inswimueh as fliey show 
that three-fifths of the OH-groups in pentanitritcs behave didrrently 
from the others. 

Hexites clearly occur, also, in the following compfsands preiiared 
by Soenderop*** : 


2 (K.Co.Cy..)HgJ., 


Hg,Co,Cy„ 


K«Oo/yy,„ Hg^»,Cy ,, • ‘o,l ‘y... 
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The hexites also play an important part in the yellow and red 
ferrocyanides, K 4 re(CN 6 ) and K 3 Fe(CN 6 ) and in the double salts 
FeClg • 3 KCl, CdCla • 4 KCl, etc. 

The number of compounds whose composition indicates the possi- 
bility of hexites and pentites playing an important part is very large, 
and all attempts to represent these atomically have hitherto proved - 
unsatisfactory.'*®^ For some of them, structural formulae have been 
devised, as Erlenmeyer’s*®^ and FriedePs*®® formulae for the ferro- 
cyanides ; Blomstrand’s*®® formulae for ferrocyanides and metal- 
ammonias ; Jorgensen’s^®’ formulae for the metal-ammonias and 
Remsen’s*®® for the double salts. Kohlschiitter*®® has shown that the 
defects in all these suggested formulae are due to their limited applic- 
ability ; instead of a broad general principle, these formulae §»re only 
related to special compounds, and it is not infrequently found that 
they do not apply to apparently closely related compounds. 

A. Werner®®® was one of the first to call attention to the repeated 
occurrence of the number 6 in inorganic compounds and to utilise this 
in the formulation of a theory of molecular compounds in which an 
attempt was made to construct structural formulae. 

[Wemer discovered a remarkable series of optically active compounds of cobalt 
and chromium, whose activity he traced, in this case, to the hexavalency of the elements 
in question. 

He regarded an element as possessing, in addition to its usual or “principal” 
valencies, what he designated “ auxiliary ” valencies, i.e. a kind of fractional valency 
capable of effecting the union of otherwise independently acting molecules like 
and HgO. For the present purpose it will be convenient to distinguish between these 
two types of valency, though the manifestation of the latter is understood by Werner 
to be independent of units, being variable within wide limits with the nature of the 
atoms combined and the external physical conditions. Under the influence of both 
principal and auxiliary valencies, the components of a complex molecular compound 
arrange themselves into zones around the central element. The first zone comprises a 
maximum of four or six univalent atoms or groups, this number going by the name of 
“ co-ordination number,” and each additional component of the complex is relegated 
to the second zone, where it takes upon itself certain peculiarities in behaviour, notably 
that of mobility and consequent tendency to ionisation. 

For instance, the structure of the well-known complex C0CI2 • 6 NHj was formerly 
written 

Cl • ISTHg • NH, • NH3 • Co • NHa • NH, - NH3 • Cl, 

a representation at once xiuwieldy and inadequate, though consistent with the then 
prevalent ideas of valency. Wemer, however, regards it as possessing the structure : 


NH3 NH* 

NH, Co NH, 
NH, NH, 




in which the ammonia molecules are united with the cobalt atom by auxiliary valencies 
and comprise a first zone (usually marked by square brackets), whilst the two ionisable 
chlorine atoms fall into a second. The six constituents of the first zone may be supposed 
to be arranged symmetrically around the metallic atom, so as to be situated at the comers 
of a regular octahedron (Fig. 4), the position of the chlorine atoms remaining undefined 
by Wemer. 

Other ^oups than NH, may be included in the first zone, in which case it is easy 
to see that isomerism becomes possible with compounds of the type 
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This hypothetical tetrahedral groitptiig prrr|if‘tiN?4 t| 

of two isomers, whose space formultimnuiotsupi^rpt^mhl*^ ; niP-li 
therefore be optically active. By submitting t-e r 41*1* 

two types : 

Pa T Pa. i« eis* ni 


■i |. 

114* >4li I<1 i>f t|j-5 


“"a 1 

Co on 3 I mul 

L® J L 


. ' imm mJi mmlf 

m which A or B represents Cl, Br, NHg, NO*, H(*S or il/l and *-n ■ 
or two molecular radioles NH,, Woninr o!#l4iin«l wifli m mppf^'< i^ihh 

rotation. In one isomer containing a singli’» mUnn of a itjuc-^rifir ^4 

was obtained, whilst another with two colmit mUmm giiv*-*' ili« i-rry bMl* \mht» <4 ^<$«i 
Some of these compounds rnaintiun thmr 114 

for several months, others exhibit a ph«iiorrii*iiiin akin I-'** »*4b 

stitution of certain components of the eomphsx by diffr’mnt 
racemisation, whilst in others the activity m A i*m of 


wmiMtr m owiurs wie mii.ivn;,y iit imw m i|iv« 

a very oondderable rotary dispersiim. The is^ruliiir lli« rbr-4#-4tiiu 1*^11, 

pounds is that the value of the rotary power alw'iivs Ip’s* about Ifiib* 11^,111 ,4 

oorrespond%ig cobalt compound, indicating that flie rnt^tal f»l#y !f4.« 
in the production of the activity. In his biM»k, “ Now ItUmm f#ti 1 j,- ■" 

(translated by Hedley), Werner fully stuties the evpbuififf' in lav^iuf *4' Im 
as it could bo produced at the time when hm book wm j 


# \ N 

// ’ '- 

rl' __Y 






\ ^ 

N \ // 

'‘ 1 / 

NHj 

Fio. 4 , 

Wemer®®^ states that: “If, in iM*mr4»n<i» «i»b (hi**) fif<»jWM'4 
structural formulae, the elementary at«»ro« t}»i' ttKilix uIi'a 

their valencies saturated, they mu*t, nini-rfhi-h-.s hav*' ...m.* in.* 
saturated valencies, as only in this way is it u> r-sf.Jiun li»*w 

the apparently saturated molwiiles ran nnitr with rnnii nJhrr i«i 
form mol^i^r compounds. It was furnierlv thi* urn.Tal and 
even now thw same view is largely held, that the «tne Inr.* .4 h.mI.., „!.« 
compounds is unprovabto aa they eonskt nf tbr t »#n«bin«{»„n »4 l}i«< 
molecules to form complexes quite apart from lb.- r»4«fi.*n»biu .4 tbr 

discoveriim have, bo*.-vrr, ..bi.aii that tin. 
combmation of mol^uie with molernb; m.Idom. if rvrf. m*« «rH, and 
^ “olTOular t^mpoundfi, the combination i<* rraJlv le*iwrrn 
fb« ?®T' strurtwal i^rmnlsf h,T 

valency compands/’ compounds in th.f same manner a* for the 



WATER OF CRYSTALLISATION 


259 


The difference between the valency compounds and the molecular 
ones is due, according to Werner’s ^o-ordination theory, to the valency 
compounds being derived from compounds in which the chief valencies 
are saturated, whilst the molecular compounds are formed by satura- 
tion of minor valencies. According to this theory the molecular 
compounds should be less stable than the valency compounds, yet this 
is by no means always the case : a very large number of the so-called 
molecular compounds being amongst the most stable substances known ! 

The representation of the constitution of the compounds under 
consideration by means of the H.P. theory overcomes the difficulty 
introduced by the use of major and minor valencies, as in Werner’s 
theory, as the H.P. theory is one of valency compounds and not of 
molecular ones and is in full agreement with the high stability which 
has been observed. 

B. The H.P. Theory and the so-called Water of Crystallisation*’ 

The frequent occurrence of 6 and 5 H 2 O molecules in compounds 
containing water of crystallisation suggests that this water may be 
in the form of hexites or pentites and may thus form the foundation of 
a theory to explain the occurrence of water of crystallisation. 

The view that the HaO-molecules can form hexites and pentites 
requires a higher valency for oxygen than that usually ascribed to it. 
Various writers have shown that oxygen has, at times, a higher 
valency than 2, and the physical properties of water confirm this. 
Thomsen ®® 2 has pointed out that the water molecules of salts often 
separate in pairs at the same temperature, from which he concluded 
that either the water molecules are arranged symmetrically about 
the molecule of the salt or the molecular weight of water is double 
that of steam. The latter view requires oxygen to have a valency 
greater than 2. 

A number of other investigations imply that water is capable of 
becoming polymerised. Thus, Patemos’ experiments®®® suggest that 
the molecular weight of water in acetic acid is 18 or 36, according to 
the solidifying temperature of the mixture. According to Eykmann®®*, 
water in paratoluidine has one-half, but in phenol the full normal 
molecular pressure. Walker®®® has measured the heat of liquefaction 
of ice in ethereal solution and concludes that the molecular weight of 
water is 36. Ramsay and Aston®®® consider that water and some other 
substances containing hydroxyl, such as alcohol, acids, etc., are 
molecular aggregates when in a fluid condition. 

[W. R. Bousfield and T. Martin Lowry’’^ have advocated the view that liquid 
water is a ternary mixture of “ ice molecules,” “ water molecules,” and ” steam 
molecules,” these three v£wdeties being perhaps identical with Sutherland's’’® ‘‘ trihy- 
drol.” Aimstrong”® has added to this theory the conception of isomeric molecules, 
of equal size, but difEerent structure. '' "" 

four polymeric forms of ice : 

“ dihydrone ” 


Moreover, Tamman”* has prepared at least 


ly A 
>-< 


with 
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Hv /OH 
“ hydronol ” > 0 <: 

and 80 forth. Such extensions as these have been found to be necessary, in order to 
explain the experimental data that have been accumulated in recent years, and must 
now be regarded as essential parts of the theory of the constitution of water. 

Even steam, so long considered as a tmiform material that could be represented 
accurately by the much-beloved and greatly over- worked formula HjO, has been shown 
by the careful measurements of Bose’’® to be a mixture of simple and polymerised 
molecules, e.g. 

H4O4 2 HjO 

the proportion of the substance in the simpler form being reckoned at 91 per cent, in 
the neighbourhood of the boiling point.] 

Kohlrausch and Heydweiller®®'^ and H. Ley®®® have found that the 
electrolytic dissociation of water is greatly increased on raising the 
temperature. The ‘'acidity/' which is very feeble at the ordinary 
temperature, increases to such an extent that at 100° C. it is almost 
equal in strength to that of phenol. This®®® is clearly shown in the 
following Table, in which t is the temperature, d the degree of dissocia- 
tion and K the aJBSinity coefficient : 


t 

d 

K 

0® 

0.35 • 10-’ 

0.12 • 10-i‘ 

10® 

0.56 • 10-^ 

0.31 • 10-« 

18® 

0.80 • 10-^ 

0.64 • 10-i< 

34® 

1.47 • lO-i^ 

2.20 • 10-« 

60® 

2.48 • 10-^ 

6.20 • 10-i‘ 


The strength {K) of the water increases considerably in the interval 
between 0° and 50°, and at 1 00° has a value at least a thousand times that 
at zero. This enormous increase in the strength at higher temperatures 
is explicable on the assumption that polymerisation occurs in the sense 
of the H.P. theory. 

Assuming that oxygen has a higher valency than 2 and that 
water can form polymerisation products, the constitution of water- 
hexite and water-pentite may be represented graphically by : 

/\ 

|H| H> 

6H.0 6H,0 

A 

which may be abbreviated to H or H or to * and 

Such compounds may then be represented in more complex ones a* 
follows : 



II I II 

V — V 


9 H,0 • 3 A1,0. • 12 SiO, • 4 6 • 2 H. 
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The bonds between the rings in this aluminosilicate are loosened by 
the manner in which the cyclic water (or water of crystallisation) is 
attached, and the position and mode of attachment of the water of 
crystallisation weakens or destroys the bonds between the base and 
the remainder of the molecule. 


The Theory and the Facts 
I. Hydro-aluminosilicates 

The structural formulae shown below may be derived from the 
hydro-aluminosilicates given on page 105. 




H;.(A1-Si-Al)-4H-]EI 



HJ.(AI-Si-Ai) •4M-2H 



or 


lAl Si A1 
I II I 


H2,(A1 • Si • AJ) • 6 H 



H1„(AJ • Si • AJ) • 4 H • H. 


The position of the various water-rings implies (in agreement 
with theory) that these aluminosilicates are readily decomposed by 
acids. A further study of these compoimds must show that the 
easily separable water — the cyclic water — must be attached with 
varying degrees of strength. 

n. Hydro-ferrosulphates 

0. Kuntze®^^ has studied the loss of water undergone by a mmeral 
of the composition 

6 Fe,0, • 18 SO, • 62 H.O 
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at different temperatures. If the results obtained by him are calculated 
into formulse, they agree surprisingly well with the structural formula : 



as may be seen from the following figures : 



Calcd. 

Found 


40HjO 

20.48% 

21.04% split off at 

105° C. 

8H,0 

4.07% 

4.05% „ „ 

110° 

2H»0 

1.03% 

0.79% „ „ 

130° 

8H»0 

4.09<% 

4^06% ,, ,, 

140° 

4HjO 

2.05% 

2.38% „ „ 

red heat 

6 FCjOa 

27.30% 

26.86% 


18 SO. 

40.95% 

39.01% 



AhOs 0.27% 
Insoluble 1.79. 


This shows that the water pentites are split off at 105°, the weakly 
bound “water of constitution” of the SO3 side-chains at 110°, the 
more strongly bound “ water of constitution ” of the middle SOg-riug 
at 130°, the remainder of the “ water of constitution ” of the SO3 side- 
chains at 140°, and the “ water of constitution of the iron-ring and 
the remainder of the water of the middle SOa-ring at red heat. 

III. The Water of Crystallisation in the Alums 

In the light of the above theory of water of crystallisation, the 
alums possess the following structural formula : 



3 K,0 • 12 H,0 • 3 E.Oa • 12 SO, • 10 H. 

From this structural formula it follows that : 

1. Five-sixths of the water (the hexite water) must be bound more 
loosely than the rest. 

2. The bond between the rings on the one part, and between the 
rings and the base on the other, must increase with the amount of 
water split off. 

These consequences of the theory agree with the facts, as Van 
Cleef has shown that the gradual and steady loss of water molecules 
which occurs in the alums when the heating is continued after five- 
sixths of the total water have been removed, is very noticeable. 
Recoura®^® and Whitney have found that on heating chrome-alum 
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at 1 10^ to constant weight, a new alum with new properties is obtained. 
This new compound is readily soluble in water, but, unlike the true 
alums, is not precipitated by barium chloride, i.e. the new compounds 
contain no S04"ions ; the bond between the SO3 and CrgOs is strength- 
ened by the loss of H. 

Water-free chrome alum may clearly occur in two isomeric forms 
as shown in the following structural formulae : 


I 

J S Ic 


I 

\/V 

Cr I S 



A. 


B. 


Ortho compound 


Para compound. 


It is interesting to note that the free acids of this chrome alum 
have been prepared by both Recoura and Whitney. 

A glance at the structural formulae of the compounds A and B 
shows that these substances behave very differently in both chemical 
and physical properties. The basic or H-atoms in the ortho-compound 
are more easily separated than those in the para-compound. As a 
matter of fact, the ortho-compound (the green modification) has a 
measurable electrical conductivity, whilst the yellowish brown or para- 
compound shows no such conductivity. 

The lowering of the freezing point of the green acid {A compound) 
is 0 . 24 °, that of the yellowish brown or B compound is 0 . 07 °. Accord- 
ing to Whitney the green modification can be converted into the 
yellowish brown one which, in aqueous solution, has the appearance 
of absinthe. It gelatinises after a few days. 


IV. The Water of Crystallisation of Chromo -Sulphuric Acids 

According to the new theory of water of crystallisation enunciated 
above, the two chromo-sulphuric acids studied by Recoura,* namely : 
12 HgO • 6 CrgOa • 18 SO3 • 96 H2O (violet chromo-sulphuric acid) and 
12 HgO • 6 Cr203 • 18 SO3 • 36 HgO (green chromo-sulphuric acid) 
must have the following structural formulae : 


/\/\ X/V/N 

Violet Chromo-sulphuric acid. 
A, 


-I -I 1 /YV 

S I Cr 1 S 1 CrJ Sj^ 

YY^i' '^1 

Green Chromo-sulphuric acid. 

B. 


* When chromic hydrate is dissolved in sulphuric acid the solution is at first green, 
but after a while changes to violet and deposits violet-blue, re^ar octohedra to which 
is ordinarily assigned the formula Cr 2 (S 04 ) 8 l 5 HaO, the proportion of water being some- 
what uncertain. In the corresponding silts, the green variety gradually changes to 
violet at ordinary temperattures when in solution, but on boiling the violet changes 
rapidly into the green variety. It is generally stated that the meen variety does not 
crystallise, and there is good reason to suppose that it is coUoidal. — A. B. S. 
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A glance at the structural formulas of the compounds A, B and (J 
will show that the A compound must be less stable than B anti (' a» it 
contains more water hexites. The Or and B rings of tlie B and C 
compounds must be more strongly bound than those in compound A . 

This consequence of the theory is confirmed by tlie discovery of 
Recoura, that the addition of barium chloride to the violet solution 
produces an immediate precipitate, whilst the green solution, when 
similarly treated, undergoes no apparent change. 

The theory also explains the following behaviour of the greon atdd ; 
In the air it appears to remain unchanged for several years, but tt« 
aqueous solution is very unstable and, on the tuldition of barium 
chloride, only a weak precipitate forms even after an hour. In time, a 
more labile bond is formed between the rings of the acid by the 
addition of water hexites. 

If the nature of the separation of the water hexites in the A 
compound is compared with that of the forrosulphuric acid, a definite 
analogy is observed. Hero, also, the water hexites in the chrome and 
middle SOa-rings are more firmly bound than the water hexites in the 
side SOa-rings. 

On heating to 90°, or mote rapidly when boiled, the violet atdd, or 
A compound, forms a green solution the composition of which, m 
Recoura’s experiments have shown, has nothing in common with the 
solid green acid. 

The fact that the colour of a compound can bo changed by the 
addition of water to its molecule, closely agrees with the view that a 
change of colour may occur in a dilute aqueous solution on account of 
the combination of water hexites or pentites. 

Recoura has studied the chemical reactions of the solution in a 
thermo-chemical manner. If increasing amounts of sodium an* adtiwi 
to the green solution, the heat evolved on the addition of an amount 
of sodium equivalent to one-sixth of the sulphuric acid of the sulphate 
will be equal to the heat evolved when sodium combines with an ackl, 
whereas all other proportions of sodium evolve much less heat. 

follows that on boiling a compound of tln» type 
S ' (> • S • Cr • S it is converted into the penta-compound S • dr • S • 
Cr • S with resulting separation of three molecules of sulphuric ac wl. On 
treating the green sulphate 8 * Cr • 5 • Cr ■ S' with iBaCIji a very stable 

compound of the t3rpe S • Cr * Cr • 8 is formed, as already noticed in 
coimection with other complexes, and according to Recoura only one- 
fifth of the penta-acid is precipitated. 


I 
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If the mixture of green penta-acid ib allowed to stand a long time, 
tlifi {M*nta“ in c'onverted into the violet hexa-acid. The penta-acid has 

not yet been prepared. 

Whitney has tested Reeoura’s renults by modem physio-chemical 
metiiock mid has fully confirmed them. 

Attention may also be directed, in this connection, to the hydrates 
of the c*ertwiii, priiesiKlymiam and necKlymiurn sulphates studied 
by Fur instance, a c’oncentrated solution of cerium sulphate 

fiiriiis %\m dmM'kdhydrate Ce^(HO^)3 12 IL/J ; between 30® and 
{*. the iKkdiydrak C J«2(H(>4)3H HaC>,an(l at tcjinporuturos above 74“ 
the pmUihtjdrntfi ('♦’j(.S<> 4)3 5 W^i). 

Tht! Htruetural torniul® ot thuHts acitlw, acujording to the H.P. 
theory, tire : 



'riiiit t lit’ boiitl betwoon the ringH and the bawo is weakened by the 
addition t»f water radieles — liexito and pentite— is shown by the 
folkm irig fa«Tts : 

I. Aicording to an article in the “ I’aijiorKsitung”®**, two-thirds 
of the aeid in a saturated solution of akmitnosulphurie acid (360 g. 
aluminium sulphate per litre) may be neutralised with trinormal 
caustic soda solution, a permanent precipitate being formed. If the 
original solution is diluted ten times, only as much base is taken up as 
will ctirrt*spcmd to ono-third of the sulphuric acid. 

From this it follows that in a concentrated solution all the H-atoms 
of the in id may be replace by a base, but in a dilute solution only 
half of these atoms can be so replaced. 
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C. The H.P. Theory and the Dissociation Theory of Arrhenius 

It has been shown in the foregoing pages that the addition of 
cyclic water affects the bond of the rings and the ions. On the addition 
of water of crystallisation the bond between the rings is reduced and the 
ionisation increased. This fact is of great value in formulating a new 
theory of solutions. It leads to the “Dissociation Theory” of Ar- 
rhenius and gives it a new experimental basis. 

According to Nernst^^®, it is always questionable whether a mole- 
cule in solution adds water molecules or not, as the Raoult and van’t 
Hoff methods give no definite results in this respect. Yet in view of the 
strong disdynamic action of water there can be no doubt that the 
dissociation of a solution of a salt on increasing dilution is accompanied 
by the addition of water. 

Hence the fundamental law of van’t Hoff in regard to solutions — 
viz. that in highly dilute solutions substances assume a condition 
similar to gases®^^ — appears in a new light. Van’t Hoff first suggested 
that the osmotic pressure of a solution (e.g. sugar in water) is as great 
as the pressure produced by an equal quantity of the dissolved sub- 
stance if the latter were in the form of a gas occupying the same 
space as the solution. Yet no one had ever explained why dissolved 
substances should behave in this manner and no reason was known as 
to how the osmotic pressure was created. The authors’ view (that 
an addition of water molecules to the molecules of the substance in 
solution occurs) indicates the existence of a definite attractive force 
between the molecules dissociated by the water and the water outside 
the semi-permeable membrane, and that that attractive force is the 
cause of the osmotic pressure. 

Numerous other facts may be equally easily explained in the light 
of this new theory ; amongst others are the formation of hydrates in 
solutions, ^20 presence of molecular aggregates in concentrated 

solutions and their destruction on dilution, e.g. the dissociation of the 
ether molecular aggregate (CHg • 0 • CHg) n, the aggregate CHg • CO • 
NHo in aqueous solution and several thermo-chemical phenomena. 

The view that hydrates are formed in aqueous solutions is held by 
a number of authorities, some of whom have supported their opinion 
by experimental evidence, as ; A. Wemer^^^, Abegg and Bodlander®^^, 
Euler^^^, Hantzsch®^^, Lowry®^^, Toumier d’Albe^^®, Jones and his 

associates ^27^ Kohlschiitter^^s^ Vaillant^^^, R. J. Caldwell®^*^, H. E. 

Armstrong and J. A. Watson^^^, E. H. Renni, A. J. Higgin and Wi F. 
Cooke^®^ and others. 

A. Wemer^^^, as early as 1893, expressed his opinion that electro- 
lytic dissociation is necessarily accompanied by the formation of a 
compound with the solvent used. “ According to the results shown 
by our experiments,” says Werner, “the existence of hydrates in 
aqueous solution is not merely an inference from the hydrate theory ; 
these hydrates form an essential condition of electrolytic dissociation. 



THE DISSOCIATION THEORY OF ARRHENIUS 267 

In an aqueous solution the ions are not metallic atoms, but 
metallic atoms combined with six water molecules, the whole forming 
definite radicles. This shows clearly why the electrical conductivity 
and the dissociation of a salt are so closely related to the solvent.’’ 

Abegg and Bodlander suggested that a hydration of the anions and 
cathions occurs. The degree of hydration of the alkali-ions increases in 
the following order : K, Na, Li, etc. Feebly dissociating solvents are 
those with feeble affinity for ions, and vice versa. 

Euler also adopted the idea of a hydration of ions taking place in 
aqueous solutions, and attributed to nickel, copper and cobalt ions 
the formulae : 

[Ni(H, 0 ) 4 ]++, [Cu(H,0) 4 ]+^- and [Co(H,0)e]++. 

An acid in aqueous solution is, according to Hantzsch, a ‘‘ hydronium- 
salt.” The ions of hydrochloric acid in aqueous solution are, according 
to him : 

HCl + H 2 O = [H,0, H]C1 = (HaO)^ + C1-. 

This reaction is analogous to the formation of an ammonium salt from 
an acid and ammonia : 

HCl + NHa = NHa • HCl = (NH 4 )+ + C1-. 

Lowry also regards the nature of electrolytic dissociation from 
the point of view of a hydration theory. 

Tournier d’Albe touched upon the problem of hydrated ions in his 
work on the theory of electrons and expressed the opinion that each 
molecule draws molecules of the solvent to itself and becomes hydrated. 

According to the most recent results published by Jones and his 
associates, the lowering of the freezing point of concentrated solutions 
shows, beyond a doubt, that hydrates exist in solution. Vaillant has 
definitely discovered the existence of hydrates in aqueous solution by 
means of spectrometric investigations. 

R. J. Caldwell has shown that the speed of inversion of raw sugar 
by hydrochloric acid may be increased by the presence of various 
chlorides. To explain this phenomenon Caldwell supposes the salt to 
be hydrated in solution, a portion of the water thereby losing some 
of its solvent power, and thus effects a concentrated action on the 
sugar. To determine the '' average hydration of a given salt it is only 
necessary to ascertain experimentally how much water may be added 
to the salt solution in order to reduce the speed of reaction to its 
original amount. 

H. E. Armstrong and J. A. Watson investigated the action of salts 
on the speed of hydrolysis of methyl acetate by nitric and hydrochloric 
acids. They found that in most cases the presence of a salt increased 
the speed and attributed this to the hydration of the salt. 

E. H. Rennie, A. J. Higgin and F. W. Cooke examined the effect of 
various nitrates on the speed of solution of copper in nitric acid, and 
found that the presence of sodium nitrate, and particularly lithium 
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nitrate, caused a considerable increase in the rate of solution. Potas- 
sium nitrate was without effect and calcium nitrate and rubidium 
nitrate diminished the rate of solution. Beginning with the nitrate 
possessing the greatest accelerative power the salts may be arranged 
thus : Li, Na, K, Rb, Cs, which is the same order as Wymper found for 
their action on the speed of inversion of cane sugar, and these authors 
attributed it to the same cause, viz. the ‘‘ concentrated action which 
these salts possess on account of their hydration. The same authorities 
also conclude that the investigations mentioned form a further proof of 
the combination of the solvent with the dissolved substance. 

The experimental investigations of a number of other authorities 
and the opinions expressed by them all point to the necessity of a 
complete agreement between any theory of ‘‘ water of crystallisation ” 
and any theory of solution.” 

D. The H.P. Theory and the Constitution of Simple Acids 

As the complex acids may be formed from simple ones, it must also 
be possible to form cyclic compounds including those in which an acid 
is not combined with other acids. A number of facts in support of 
this application of the new theory of the simple acids may be men- 
tioned : 

1. Tammann^^^ prepared the following salts of a hexa-phosphoric 
acid : 

KAg4(P03)eH,0, 

RiAga^POajc, 

K,Na4(P03)«, 

K4Na2(P03)e, 

3[K2Sr2(P03)6]4H20, 

Li3(NH4)4(P03)«8H20, 

Li 2 H 4 (P 03)6 4H20, 

Li2Na4(P03)6 8 HjO. 

And the following from a penta-phosphoric acid : 

(NH4)K4(P0a)5-6H20, 

(NH4)Na4(P03)rt 

(NH4)Li4(P03)5, 

(NH4)K4(P03)5. 

The following compounds, also prepared by Tammann, are also of 
interest, and are clearly related to a di-, penta-, hexa-phosphoric acid : 

Mg6Na4(P08)n, 

CaeNa4(P08)n, 

Mn«Na4(P03)n. 

From the theory of the constitution of complex acids formulated 
by the authors of the present volume, it follows that the hydroxyls of 
the hexa- or penta-radicles are partly acido- and partly baso-philic, 
i.e. the water they contain is not all bound to the radicles with the same 
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degree of force. This consequence of the theory also follows from the 
physio-chemical investigations of the above acids by Tammann. 

In the compounds 

(a) K2Na4(P08)e, 

and 

(&) Na2Na4(P08)«, 

a positive current only removes one-third of the base. 

By the prolonged action of AgNOg on Ke(P 03 )e, Tammann was 
able to replace two-thirds of the base by Ag. 

The behaviour of the compound (NH 4)5 (PO^)^ towards sodium and 
potassium shows that one-fifth of the base in it behaves differently 
from the remainder. The same is shown by the molecular conduc- 
tivity of this ammonium salt and the conductivity of other salts 
obtained from it, such as : 

(NH4)(NH4)4(P03)8, 

(NH4)Na4(P08)8, 

(NH4)Li4(POa)5* 

If the absolute speeds of the ions are calculated by Kohlrausch’s 
method (by the addition of the maximum values) the following maxima 
are obtained : 

{NH4)(NH4)4(P0,)5 (NH4)Na4(P08)5 (NH4)Li4(P08)5 

A oo = 300 A oo = 230 A oo = 210 


The maximum values actually found are for the ammonium salt 125, 
for the ammonium-sodium salt 96, and for the ammonium-lithium 
salt 90. 

These figures can be most easily understood by assuming that 
one-fifth of the base passes away in the form of cathions whilst the 
remainder, with the acid, has the function of anions. 

2. The hexitic structure of phosphoric acid in simple salts is 
shown in the following compounds, prepared by Gliihmann^®^ : 

2 BaO • 3 NaaO • 3 P2O5 • 11 H2O, 

2 CaO • 3 Na20 • 3 P2O5 • 6 H2O, 

2 CuO • 3 Na20 • 3 P2O5 • 12 H2O, 

2 FeO • 3 Na20 • 3 P2O5 • 12 H2O, 

2 MnO • 3 Na20 • 3 • 12 H2O, 

2 NiO • 3 Na20 • 3 P2O5 • 24 H2O, 

2 CoO • 3 Na20 • 3 P*05 • 24 H^O, 

2 MgO - 3 Na20 • 3 • 12 H2O. 

In these compounds two-fifths of the OH-groups clearly behave in 
a manner different from the rest. Analogous compounds of niobic and 
tantalic acid with a small proportion of base have been obtained by 
Marignac^®® : 

4 H2O -415:20 •3Nb205 - 12H20, 

Na20-3K20 -SNbaOs- OHaO, 

K 2 O -3^205- 5 H 2 O, 

4 K 2 O •3Ta205 -leHaO, 


p 


270 CONSEQUENCES OF THE H.P. THEORY 

4 NagO * 3 TazOs • 24 H 2 O, 

4 Ag^O • 3 Ta^Os • 3 H^O, 

4BaO •3Ta206 * 6 H2O, 

4MgO •3Ta205 ‘ 9 H2O, 

4HgO •3Ta205 • 5 H2O. 

3. The composition of the following compounds prepared by 
Hallopeau^®’ shows the presence of hexites and pentites in some simple 

5 K2O • 5 (NH4)20 • 24 WO3 • 22 H2O, 

3 (NHOaO • 3 Na 20 • 16 WO 3 • 22 H 2 O, 

4 (NHOsO • Na20 • 12 WO3 • 14 H2O, 

2 Na 20 • 3 (NH 4)20 • 12 WO 3 • 15 H 2 O, 

3 (NH 4)20 • 3 Na20 • 12 WO 3 * 22 H 2 O, 

5K.0 •12W03-11H20, 

Na20 • 10 WO3 • 21 H2O, etc. 

4. A number of oxygen-free salts have properties confirmatory of 
a hexitic or pentitic structure. Thus, the formulae CSCI4I, RbClJ, 
KCI4I, LiClJ, etc., indicate the presence of pentite compounds. The 
formulae KI3, CsBrg, CsClBra, RbClal, etc., should probably be doubled 
and are then characteristic of hexites. Bredig^^® has discovered that 
in the compound KI3 or, more correctly, K2I6 the group Ig behaves 
like an independent ion, and is reminiscent of Tammann’s investiga- 
tions on the hexa- and penta-acids. 

It is thus possible that free halogen acids, H2Xe(X=Cl, Br, I), 
may exist. The great solubility of chlorine in highly concentrated 
solutions of HCl led Berthelot®^^ to the conclusion that, under such 
conditions, the compound HCI3 or HgClg is formed in a manner 
analogous to the production of K2I6 by the solution of iodine in 
potassium oxide. That a chemical compound is formed in this manner 
has been conclusively shown by the work of Le Blanc and Noyes. 

£. The H.F. Theory and the Carbon Compounds 

It may appear to be somewhat late to attempt to apply the H.P. 
theory to the carbon compounds in general, although the classical 
researches of Berzelius, Liebig, Kolbe and others^^® were made by 
men who sought for laws applicable To organic chemistry in those 
which applied to inorganic compounds. Nevertheless, a few facts 
may be pointed out which indicate that such an application of the 
H.P. theory is not without value. ^ 

Just as the aluminosilicates are converted into kaolin and may be 
produced from kaolin, so may the carbon compounds be converted 
into carbonic acid or may be formed from it. For instance, it is wpll 
known that plants take carbonic acid from the air and convert it into 
oxalic acid and the various kinds of sugar ; from th^se the animal 
fats and other complex organic compounds are formed. OxaHo acid 
is also a common product of the oxidation of both simple and complex 
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organic bodies. Thus, it is produced in varying amounts by suitably 
treating various carbo-hydrates, fatty acids, oils and glycerin : all the 
complex carbon compounds which can be oxidised by nitric acid, 

Oxalic acid, like all inorganic acids, forms, according to Rosen- 
heim complex acids with other inorganic acids, hexites or pen- 
tites being produced under suitable conditions. A hexitic structure 
of oxalic acid is also found in a series of other compounds as in the 
cobalt oxalates mentioned on p. 256. 

It is also important to note that carbonic acid can also form 
complexes with phosphoric acid, these complexes playing a large part 
in the formation of the bony framework of the animal organisms. 
According to Hoppe-Seyler {vide Scheff’s ‘‘Handbuchd. Zahnheilk.” 
1909, 1, 362) the compound 10 CaO • COg • 3 PgO is contained in the 
dentine and enamel of natural teeth. To this basic carbo-phosphoric 
calcium salt the following structural formula may be assigned : 


Gas 

Ca, 

11 

II 

Ca2=f^\ o 


P h Ca 

:1p] 

Cag — 


II 

II 

Caj 

Gag 


Thus, the chief constituent of dentine and of natural dental enamel 
has a chemical constitution similar to the jQ-complexes (p. 76), which 
are, as a rule, more stable than the a-complexes. This view of the 
structure of dentine and enamel makes it easier to understand the far 
higher resistance of the latter to acids than is possessed by calcium 
phosphate, and explains the strong combination of the carbonic acid 
and lime in the dentine. Without some such structural formula these 
properties are extremely puzzling. 

When these facts, together with the figure 6 for the carbon 
atoms in the general formulae for the sugars ^(CeHigOe) — {n- 1 )H 20 
and the genetic relationship between oxalic acid and the sugars are 
considered, the thought naturally arises that the transformation of 
oxalic acid into sugar by plants may possibly be due to both oxalic acid 
and the sugars possessing cyclic structures. In an analogous manner 
it is possible to explain the constitution of the sugar-like product 
obtained by Buttlerow®^^ from formaldehyde and calcium hydroxide. 
This, according to Loew®^^, is a single compound with the formula 
CfiHigOe ; E. Fischer and F. Passmore®^^ regard it as a mixture of 
various aldehydic or ketonic alcohols from which a-acrose may, in 
all eases, be separated. This a-acrose is, according to E. Fischer, 
closely related to the natural sugars. 

A possible value of the H.P. theory may lie in its application to 
the formation of sugars from carbonic acid, as the assimilation of 
carbonic acid by plants is the chief reason for their existence as living 
organisms. The smallest observation which will assist in revealing the 
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secret methods by which plants effect this transformation is therefore 
of great importance. 

Even if the existence of a large number of hexites and pentites in 
some carbon compounds may be considered doubtful, yet their presence 
in certain carbon compounds is highly probable. The latter, which are 
termed aromatic compounds, are well known to be different from those 
compounds which are in the form of open chains. 

Kekule^^s was the first to regard the aromatic compounds as 
derivatives of benzene. He conceived benzene as a closed ring of 
carbon atoms, the structural formula he suggested being the well-known 
hexagon which has been used so largely in the study of carbon com- 
pounds. This was the first hexite to appear in chemical literature. 

Not only the constitution of the direct derivatives of benzene, but 
those of other substances more distantly related, such as napthaline, 
anthracene, phenanthrene, fluorescine and many other hydrocarbons, 
together with innumerable and important derivatives, have been 
studied with most useful results by means of KekuM’s theory and a 
greater knowledge of them has thereby been obtained. 

The characteristics of the organic (carbon) pentites were first 
pointed out by V. Meyer in his remarkable researches on thiophenes. 

It is unnecessary to point out the great value of these beginnings 
of the H.P. theory in the development of organic chemistry and 
for industrial chemistry generally, for this is already well known. It 
is sufficient to state that Kekule’s benzene theory was the scientific 
foundation on which the methods of study and production of the most 
wonderful colours, valuable remedies, deadly poisons, pleasant scents, 
important anaesthetics, etc., have been based. 


Hexite and Pentites devoid of oxygen 

The H.P. theory indicates that carbon and silicon can form hexa- 
and penta-radicles which contain no oxygen.* In this connection the 
researches of Manchot and Kieser'^^^ ^^0 Qf interest. These investiga- 
tors have shown experimentally the existence of ring-compounds of 
silicon with chromium and aluminium, containing 6 Si-atoms. They 
consider that the behaviour of the compound CrgAlSig towards HF 
and the consequent evolution of hydrogen shows that the molecular 
weight of this substance must be at least doubled and that the 6 Si- 
atoms of the compound (Cr 2 AlSi 3)2 are Unquestionably united to each 
other. These investigators are thus the first to establish beyond all 
doubt the existence of hexa-silicon ring-compounds, and their work 
is an interesting confirmation of the H.P, theory. 

It is also interesting to observe that in those chromo-hexites which 
are devoid of oxygen, one-third of the atoms behave differently from 
the others (pp. 269 and 292). 

The structure of these oxygen-free compounds may be made clear 
by means of the following structural formula in which the Si-atoms are 
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directly united to other Si-atoms and chromium atoms with other 
chromium atoms, the Al-atoms being indicated by dots : 



According to the H.P. theory, the molecular weight of this com- 
pound is at least twice as great as Manchot and Kieser concluded from 
their experiments. 

When reviewing the German edition of the present work, Manchof^®^ 
declared that the H.P. theory could not be extended beyond the chemis- 
try of the silicates, but apparently did not have the above- 
mentioned experiments in his mind when he wrote : “ That the com- 
plete neglect of this portion of the chemistry of silicon may lead to 
very erroneous conclusions in regard to the silicates, the reviewer^^® 
has shown on a previous occasion.’' 

Manchot here refers to his criticism that Pukall’s structural 
formula for kaolin, which has a double bond between the two silicon 
atoms (see page 111), is not in accordance with the behaviour of kaolin 
towards hydrofluoric acid : substances with united silicon atoms must 
evolve hydrogen when treated with HP, whereas kaolin does not. 

It is very surprising that this critic instead of considering whether 
the H.P. theory of the constitution of aluminosilicates might not throw 
light on his own investigations, should accuse the authors of “a 
negligence which may lead to very erroneous conclusions.” It appears 
that he has quite overlooked the support which his own investigations 
lend to the very theory which he condemns 1 


F. The H.P. Theory and the Constitution of the Atoms 

The Archid Hypothesis. 

In recent years an ever-increasing number of people have main- 
tained that the atoms do not completely fill the space they occupy, but 
that they possess “ parts.” This view has long been held by those 
engaged in spectrolytic investigations, many of whom hold that the 
atoms slide over each other when emitting light ; some go so far as to 
say that some spectrum phenomena indicate a decomposition of the 
atoms. Some physicists even speak of the ‘ structure ' of the atoms®*’ 
and consider that it is by no means impossible to obtain further know- 
ledge as to the intemal structure of atoms, the special arrangement of 
their parts and the variations in the forces of these parts. 

Those who are interested in the ionisation theory also speak of the 
‘‘ constituents ” of the atoms, and, as the result of electrical investiga- 
tions of gases, they consider that the negative electrons are really 
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constituents of what chemists have hitherto regarded as atoms and 
that these can be separated by electrical dissociation or ionisation with 
expenditure of different amounts of energy. 

The hypothesis that the atoms contain parts ’’ has been particu- 
larly confirmed by the radio-activity of some elements discovered by 
H. Becquerel. According to Curie®^®, BecquereP^^, Rutherford and 
Soddy^^^5 Re^^^j Stark^^^ and others, radio-activity is most satis- 
factorily explained by assuming atomic transmutations, i.e. the 
conversion of one atom into another or into several others. 

The most recent investigations with regard to the chemical nature 
of the elementary atoms thus make the old hypothesis of the elements 
(which is the basis of alchemy) very probable. Moreover, it can 
scarcely be denied that Nature has produced her materials in accordr 
ance with unitary laws. It is, therefore, of interest to endeavour to 
discover the mysterious formation of the atoms from the elements. 


A Hypothesis of the Constitution of the Atoms 

The smallest particles of an element may conveniently be termed 
ardhids (apxv) ; the atoms may then be regarded as form^ of archids 
in a manner analogous to that in which molecules are produced by the 
combination of a number of atoms. From five or six archid groups, 
archid-pentites and archid-hexites are produced respectively. Two or 
more archid-hexites or pentites may also combine directly or by the aid 
of other archids. In this manner a-, /?- and y- “ archid-complexes 
are formed in a manner similar to the atomic complexes. 

The archidic radicles, like the atomic compounds, have archidic 
side-chains, and these limit the reactability of the archid compounds, 
viz. the atoms. 

The combination of the archids occurs in accordance with archidic 
valencies, as in the formation of archid-hexite or -pentite, or of 
archidic radicles (hexite and pentite) and the addition and formation 
of archids as side-chains. These archidic valencies differ from the 
atomic valencies inasmuch as they cannot be determined by any 
existing methods. By the addition of long archid chains to the radicle^ 
or by the combination of archidic radicles with one another by means 
of archids with the simultaneous addition of long archidic chains, the 
archidic valencies are weakened and some must be set free, though 
these weak or free valencies cannot, at present, be definitely proved to 
exist. 

The liberation of archidic valencies is usually accompanied by the 
evolution of electrical energy (radio-activity) and, after hundreds of 
yearS| results in a decomposition of the atoms or a transformatibn of 
them into one or more other atoms. * 

If the archids are represented by dots, the structure of the atoms 
may be represented, according to the new hypothesis, as follows : 
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The lines between the points indicate the archid valencies ; the 
symbols m, m' and ni" on the side-chains show the atomic valencies. 
Thus, the atom A is monovalent, B is divalent and E is octovalent. 


The Conseauences of the Archid Hypothesis and the Facts 

(a) The Valencies of the Atoms. s 

According to the structural formulae, the valencies of each of the 
atoms B, C and D must be of a similar kind, those of the atoms E, F, 
G and H, on the contrary, must be different. In’atoms with side-chains 
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like E the valencies m must have a nature different 

m' ; in atoms with side-chains like F there must be three different 

kinds of valencies, viz. m, m' and m". tT-ontmAnt 

If, in atoms of the type P, the valency m is closed by^ treatment 

at a high temperature, m' at a medium temperature, and m^ only at a 
lower temperature, these atoms would appear to have 'Variable 
valencies and to be mono-, tri- or penta-valent. To the various positions 
of the side-chains in atoms of the P type may be due the possession of 
electro-positive properties by the valencies m and m. and of electro- 
negative properties by the m" valencies or vice vers . oms wi 
such side-chains can only unite with a definite number of electro- 
positive or electro-negative atoms or atomic groups. 

From the structural formula F it may also be seen that, it the 
valencies m\ m, m' and m" are saturated and that one m Bide-chain 
is unsaturated, the atom will be capable of transformation into the tri- or 
penta-valent form, according to the power of the unsaturated valency. 

If the valencies m', m, m' of the atom F are strong (i.e. if they are 
only affected by treatment at a high temperature) whilst the valencies 
m", m'" are weak (i.e. only stable at low temperatures) the atom may be 
said to have three major valencies and two minor onos. 

Atoms with side-chains such as H, in which part of the valency is 
only stable at low temperatures, may, in the light of this explanation, 
possess four minor valencies and two major ones. 

The minor valencies cease to exist at other than low temperatures, 
in concentrated solutions and in substances in the solid state, so that 
they are usually overlooked. The authors have already (p. 228) stated 
that, according to Knoblauch and Nemst, spectrum analysis affords a 
very delicate means of ascertaining the constancy or otherwise of the 
constitution of a substance, as any change in the absorption spectrum 
of a dissolved substance indicates a change in the constitution of the 
latter. 

Recently Hantzsch®®^ has shown, as the result of a series of experi- 
mental investigations, that all changes in the spectrum effected by 
dilution are due to chemical causes and that each change in the spectrum 
indicates the progress of a chemical reaction. The delicacy of spectrum 
analysis is so great that the minor valencies will probably be diBCOveied 
by its aid in many cases where they are, at present, unknown. 

If, in atoms with four chief and two minor valencies (formula H), 
only two or three of the major valencies m' are saturated, such atoms 
will have the power of saturating other m' major valencies, whence 
atoms in which three major valencies are saturated must be more 
active in reaction than those in which only two major valencies are 
saturated. The former must he better able to pass into the tetrav^ent 
state than the latter, as the major valencies m' are not symmetrically 
saturated. 

These consequences of the arcMd hypothesis are in agreement witih 
the known tacts and experimental results. 
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In addition to atoms of constant valency, such as those of hydrogen, 
the alkali metals, alkaline earth metals, etc., there are ^oms with 
variable valency such as those of N, As, Sb, P, Fe, Mn, etc. 

For instance, in nitrogen atoms the side-chains are so arranged 
that the five resultant valencies are of unequal strength ; three are 
stronger than the rest. The compound NH4CI, for example, is unstable 
at high temperatures and is decomposed in accordance with this 
difference of valency-strength into NHg+HCl. 

The reasons for the conclusions drawn from the structural formulae 
just described are also confirmed by a study of nitrogen, as the atomic 
valencies of one and the same atom have different properties, some 
being electro-positive and others electro-negative. J. v. Braun® has 
pointed out this property of nitrogen and, according to him, a penta- 
valent nitrogen compound with several atoms or atomic groups is only 
formed when the five radicles necessary are not of one and the same 
chemical nature, but only when some possess electro-negative properties 
(like atoms and atomic groups which can act like anions of acid, as 
OF, Br', I' CN', NO2O and others have electro-positive properties (as 
hydrogen, hydrocarbon residues and amido groups). 

The correctness of this hypothesis is shown by the failure of all 
attempts to produce compounds in which the above condition is not 
satisfied, such as NCls, N(02H5)g. In this connection a recently 
discovered group of organic substances— the porphyrexides — is interest- 
ing. These are tetr a valent derivatives of nitrogen in which the nitrogen 
shows a strong tendency to combine with hydrogen, and to pass into 
the trivalent state. This tendency must necessarily be due to a 
definite structure of the nitrogen atom. 

Other atoms with variable valencies must also show an analogous 
behaviour. Recently, carbon has been placed among those atoms 
having a variable valency. The side-chains of some carbon atoms may 
be regarded as occupying positions represented by formulae E (octo* 
valent) and H (hexavalent) the carbon being then considered as 
possessing four major and two minor valencies. 

If only two or three of the four side-chains are saturated, un- 
saturated compounds must be formed, as already explained, whence 
those with three saturated valencies must have a stronger tendency 
to be transformed into the tetravalent state than those with two 
valencies. Gomberg®®® has obtained compounds with trivalent carbon, 
and Nef ®®® has prepared others with divalent carbon. In compounds 
in which only two valencies are in use, the carbon shows a much less 
tendency to pass into the trivalent state than in those in which three 
carbon valencies are saturated. Thus, whilst triphenylmethyl 
C(C0H5)3, which was first prepared by Gomberg, can only be isolated 
with difficulty on account of its enormous power of reaction, com|ounds 
containing divalent carbon may readily be produced. These latter are 
powerful reagents, but are far less readily converted into compounds 
in which the carbon has four valencies. 
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The view that carbon may have more than four valencies does not 
agree with van't Hoff’s hypothesis that the affinities of carbon act as 
though they were the lines connecting the centre of a regular tetra- 
hedron with the four corners. According to this hypothesis, the 
carbon atom has a maximum of four valencies and no minor valencies. 
This is, however, in direct opposition to the proved existence of minor 
valencies apart from the four major valencies. 

The physical isomeric properties of the “asymmetric” carbon 
atom (i.e. the one to which four different atoms or atomic groups are 
attached), such as optical isomerism, can be explained by means of the 
new theory (p. 312 et sqq,), 

Schafer’s studies in connection with spectrum analysis^®’ have 
provided new data respecting the minor valencies of carbon and some 
other atoms. Thus, striking colour-changes frequently indicate the 
presence of minor valencies, but they are best shown by certain 
organo-metallic compounds, particularly the complex salts investigated 
by Ley. The fact that many compounds of the heavy metals absorb 
normally whilst others vary greatly in this respect shows, according to 
Ley, that the metal in the latter case must possess minor valencies as 
well as the known major ones. The metal compounds of the amio acids 
and ketone acid-esters are interesting in this connection. 

Schafer thinks that a further proof of the existence of minor valen- 
cies is to be found in the pantochromism discovered by Hantzsch^^®, 
i.e. the power of certain colourless salts or faintly tinted acids to com- 
bine with various colourless metals and form all kinds of colours. 

Similarly, Schafer considers that the presence of minor valencies 
is the cause of chromotropy, whereby many coloured compounds 
(chiefly yellow and red) may be produced from indifferent substances 
such as nitraniline, quinine and salts of polynitro-compounds. 

The fact that water, alcohol, organic acids and other oxygen 
compounds have a greater molecular weight at lower temperatures 
than when in the gaseous state may also be best explained by the 
presence of minor valencies in the oxygen atoms. 

A number of facts which seem to show that oxygen may have a 
higher valency than 2 have already been mentioned on page 259. 
Quite recently, observations have been made in connection with some 
organic compounds which appear to indicate the existence of higher 
valencies in oxygen. The most probable explanation is the presence of 
minor or weaker valencies of the oxygen. Amongst others who have 
written about the higher valency of oxygen — ^more particularly about 
its “ tetravalency ” — are Collie and Tickle^^®, Baeyer and Villiger®®®, 
Werner®®^, Kehrmann®®^, Gomberg®®^ Walden®®*, Walker®®®, Sackur®®®, 
and Cohen®®^ 

(b) Homologous Series of Atoms. 

The monovalent pentites with the structural formula A (p. 275), 
the divalent archid-hexite radicle J5, etc., can combine with n new 
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archid-hexites or pentites, or m archid-hexites and m' archid-pentites 
analogously to the atomic compounds, whereby a whole series of mono- 
valent or divalent atoms are produced, as these new atoms only 
contain one or two side-chains. In this manner homologous series * 
may be formed which bear some resemblance to the homologous 
series in organic chemistry. 

As there is a limit to the possible number of archid-hexites and 
-pentites, the weight of the atoms (atomic weight) of each homologous 
series must approach a definite limit. 

Such homologous series of atoms are actually known, e.g. the 
halogen series, the alkali metals, the alkaline earth metals, etc. If 
these are arranged according to their atomic weights, the following 
series are obtained : 

F = 18.90 Cl = 35.18 Br = 79.36 I = 125.90 

Na == 22.88 K = 38.68 Rb = 84.80 Cs = 132.00 

Mg = 24.18 Ca == 39.80 Sr = 86.94 Ba = 136.40 


The differences between successive members of each series are : 

16.28 44.18 46.54 

15.80 46.12 47.20 

15.62 47.14 49.46 


The difference between consecutive atomic weights is constant, 
like that between members of other homologous series ; in this case it 
is either 16 or 16 X 3. 


(c) The Causes of Radio-activity and the work of the Alchemists. 

The radio-activity of some elements with high atomic weights, 
such as radium, uranium and thorium, is readily explicable in the light 
of the new hypotheses regarding the structure of the atoms. Assum- 
ing that these atoms have a structure analogous to that of the H- 
atoms, previously mentioned, i.e. that they are definitely y-archid- 
complexes, their radio-activity may be readily explained as being due 
to their peculiar constitution. The property these atoms possess of 
radiating electrical energy is due to their structure. 

From this it follows that only atoms with high atomic weights can 
be radio-active. This is actually the case. 

The impossibility of increasing the radio-activity of the archid 
combination by existing methods of treatment indicates that enormous 
amounts of energy must be stored up in these compounds. Soddy®^® 
has published some interesting information on this point in a lecture 

* When the members of a series of compounds are similar in constitution and 
chemical properties, but with the physical properties undergoing a gradual and regular 
variation as the molecular weight increases, the series is termed homologoics, and the 
several members axe said to be homologues of one another. There are many homo- 
logous series, especially among organic compoimds. — ^A. S. 
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on “ The Pies^nt State of Radio-Activity,” in which the following 
words are particularly important : 

“ Radium evolves for every gram weight a hundred calories of heat 
per hour, and since in a year only one thousandth part changes, it 
follows that the total energy evolved in the complete disintegration 
of a gram of radium must be enormous. It is roughly about a million 
times that given out by a similar weight of coal burning. If the thirty 
milligrams of radium exhibited were all to disintegrate suddenly, the 
effect produced would equal the explosion of about a hundredweight of 
dynamite. Uranium in its complete disintegration produced radium, 
and hence the amount of energy evolved must be as much greater than 
in the case of radium as the whole is greater than the part. If we corJd 
artificially accelerate the rate at which radium or uranium disinte- 
grates, we should on the one hand have achieved transmutation of a 
heavier element into lighter ones, and on the other hand have rendered 
available for use a new supply of energy a million times more powerful 
than any source at present known. The argument I have already 
stated shows that if we succeed in artificially transmuting uranium 
there is little doubt that the same means would be applicable to the 
other elements. Hence the supply of energy would be inexhaustible. 
But let us see what the old attempt of the alchemist involved. When 
he was concerned with building up a heavy element lilve gold from a 
lighter like silver, he was attempting a most profitless task. Frankly, 
even if it could be done, it would be impossible for it to fay. The 
energy absorbed would cost far more than the value of the gold 
produced. The energy of some hundreds of tons of coal would have to 
be put into an ounce of silver to turn it into gold. Energy possesses a 
market value no less than gold, as all who have to pay electricity bills 
realise. So we may dismiss this case. But where he w’as attempting to 
produce gold out of a heavier element like lead, the enterprise, if it 
had succeeded at all, would have been successful beyond the dreams 
of avarice. Not only would he have got the gold from lead, but also 
a store of energy would have been released in the change of far more 
intrinsic and commercial value than the gold. Not suspecting this,, 
perhaps it was providential for him that he failed, or he might have 
realised the fate of the mythical chemist who discovered a new explo- 
sive the secret of which never transpired because the chemist and his 
laboratory disappearedsimultaneously with thediscovery. Actually, the 
alchemist in trying with his puny appliances to transmute lead into 
gold was attempting a task no less hopeless than that of a man attempt- 
ing to destroy a battleship with a percussion cap. Even if sufficiently 
potent means are ever to hand to effect the transmutation of lead 
into gold, it is important to bear in mind that thxe gold would be a 
mere by-product, the energy rendered available would be the real 
gold-mine.” 
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{d) Radio-activity as a Constitutional Property of the Atoms. 

As radio-activity is due, according to the new hypothesis, to the 
structure of the atoms, it must also be quite independent of the 
chemical combination of the radio-active atoms with atoms of other 
kinds, as well as independent of the physical condition of the radio- 
active material, and must be impossible to prepare radio-active atoms 
artificially by either synthetical or analytical methods. The facts are 
fully in agreement with this consequence of the theory. 

(e) The Transmutation of the Atoms. 

From the authors’ hypothesis it follows that it must be possible 
to convert one element A into another element B or to decompose one 
element ” into others. 

This consequence of the theory has been proved by Sir William 
Ramsay’s discovery that helium can be produced from radium and 
radium from uranium. 


Section IV 

The Extension of the n.P. Theory into a Stereo-chemical Theory, 
and the Combination of the latter with the Modem Theory of 
the Structure of Crystals 

(a) Critical Ezamination of Existing Stereo>chemical Theories 

N either the H.P. theory in the form in which it is presented on 
pages 30-38 nor any existing theories dealing with structural 
chemistry can be regarded as satisfactory, as they do not take into 
account the fact that the atoms are divisible.* 

The weakness of existing theories of structural chemistry has long 
been known and van’t Hoff®** was the first to suggest the importance of 
representing molecules by spatial diagrams. 

Le Bel®’®, quite independently, published a hypothesis concemiug 
the spatial structure of atoms, but it received only scant attention at 
the time ; those who took the most interest in it were the very men who 
endeavoured to disprove it experimentally. 

J. Wislicenus®’^ made both the above hypotheses the basis of a 
new series of experimental investigations. 

This theory of spatial structure, which also deals with asymmetric 

• Although the word “ atoxn ” really means “ indivisible ” its present use in ohom&try 
may bo conveniently retained, the word “ archid ” (p. 274) being used to indicate 
■ttte smaller oonstitnente. — A. B. S. 
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carbon atoms, has been supported by numerous and important 
results. It is also a noteworthy fact that all optically active organic 
substances, so far as their constitution is known, contain one or more 
asymmetric carbon atoms. 

Similar speculations have proved very fruitful in the investigations 
on the sugars carried out by E. Eischer®’^, 

The work of Ad. Baeyer^*^® on the isomerism of the hydrated 
phthallic acids also deserves special attention in this connection. 

In addition to these theories various cases of isomerism of the 
nitrogen compounds have been examined in connection with their 
spatial relationships. The investigations of Werner and Hantzsch®’^, 
Goldschmidt®^® and others are important in this respect. 

E. V. Meyer®’® considers that the deductions from observations 
have been pushed as far as or even farther than is strictly legitimate. 
As he rightly remarks,®” the greatest disadvantage of the existing 
stereo-chemical theories * is that they are only applicable to special 
cases and are not on a sufficiently broad basis. They form a convenient 
means of explaining a number of cases of isomerism, but cannot be 
applied to a general stereo-chemistry in the true sense of the words, to 
show the relationship between crystaUine form and chemical com- 
position, or to explain the various optical, thermal, electrical and other 
physical properties of crystals. These latter have been the subject of 
investigations by a number of mineralogists, including Schrauf®’®, 
Fock®’®, Becke®®® and others. 

Schrauf considers that the atoms have definite axial positions in the 
molecules and that these form the basis of crystalline form. Schrauf’s 
suggestions have not proved very fruitful and, according to Axzruni®®^, 
who has criticised them, the principles and methods adopted by 
Schrauf are erroneous for this purpose. 

Fock sought for a relationship between crystalline form and 
chemical composition in a combination of the results of modern stereo- 
chemistry and general crystallography. According to him, it is a 
positive fact that the aflSnities of the atoms do not merely have a 
definite value, but operate in a definite direction. Crystallography 
teaches that the existence of a crystal is due to its general properties 
varying with the direction. 

‘'The conception of direction is of different significance in the 
formation of crystals and in the chaining of the atoms, and leads to 
the thought that simple relationships may exist between the directions 
of the crystals.” 

P. Groth®®2 states : “ Crystals are usually characterised in their 
physical relationship by their being anisotropic, i.e. that none of their 
properties vary in intensity with the direction of the crystal in 
accordance with definite laws.” 

The simplest and most natural relationship which may be ascer- 


For tether information on stereo-chemistry see No. 577 in A%ypmdix, 
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tained from Fock’s work is that the directions of the affinities in a 
“ crystal molecule ” reach the same symmetry as that of the crystal 
itself. 

By “ crystal molecule ” Fock understands one of the molecules in 
the crystal; which produces an aggregate from the chemical molecules. 
The difference between a chemical molecule — ^which may be in the 
form of a gas or solution — and a crystal molecule — ^which is in a solid 
state — is shown, according to this writer, by the following facts : 

1. Fluid or dissolved substances are chemically active ; crystalline 
substances are never so. 

2. Bases, acids and salts in a fluid state are electrolytes, but lose 
this property on crystallisation. 

3. During crystallisation many substances take up “ water of 
crystallisation.’’ 

4. Some crystals are optically active, but this property seldom 
remains when they are dissolved. 

If the existence of large, independent atomic complexes in the 
crystalline state — crystal molecules — is assumed, the foregoing relation- 
ships are, according to Fock, capable of a simple explanation. 

As Fock, in his stereo-chemical theoiy, knew of no plausible 
hypothesis by means of which the minimum molecular weight in the 
solid state could be explained, he could not bring his ideas — correct 
as they are — to a proper conclusion, and his stereo theory has therefore 
proved to he no more fruitful than that of Schrauf . 

Whether a polymerisation of gas-molecules occurs when a gas passes 
into the fluid state, depends on the number of chemical molecules in a 
single crystal molecule. P. Groth®®^ distinguishes between chemical 
and crystal molecules and, according to him, there is a number of 
facts which indicate that a crystal molecule is composed of a smaller or 
larger number of chemical molecules. Crystals thus correspond to the 
polymerised state as compared with the gaseous condition of single 
chemical molecules. Groth calls attention to Voigt’s experiments on 
the elasticity of rock-salt, according to which the molecules of NaCl 
have a slightly different action in different directions — a behaviour 
which is incompatible with the view that the crystal molecule of rock- 
salt consists of one atom of chlorine and one atom of sodium. 

Other writers, as S. Hunt, consider that calcite and quartz are 
aggregates consisting of 584CaC03 and 948 SiOg respectively. A. E. 
Tutton considers that the molecular weight of the smallest crystals 
(crystal molecules) is either identical with that of the chemical molecule 
or that the crystal molecule does not consist of more than 1 to 6 
chemical molecules. M. BuUouin concludes that crystal molecules 
may contain 4 to 6 chemical molecules. M. Herz’®’ is of the opinion 
that the available experimental evidence is in favour of the existence 
of substances with the same molecular weights in the solid as in the 
gaseous state and of others which are polymerised. 

Many attempts have been made to determine the molecular weights 





284 EXISTING STEREO-CHEMICAL THEORIES 

of substances in the solid state by J. L. Vogt’^*'®, Doelter and Vucnik^ . 

All these endeavoured to determine the molecular weight of fused 
silicates by the aid of van’t Hoff’s formula : 

m 0.0198 

M' q 

In this formula m represents the total number of grammes of silicate 
dissolved in 100 g. of the solvent, M the molecular weight of the silicate, 

T the absolute temperature, q the latent heat of fusion for 1 g. of the 
solvent and t the depression of the melting point. This method still 
leaves undetermined the question as to whether the crystal molecule 
has the same molecular weight as the substance in a fused or dissolved 

state. ^ - 

Vogt sought to determine the molecular weights of diopsit©, 
olivine and anorthite in this manner and concluded that they con- 
formed to the following formulae : 

CaO * MgO • 2 SiOa (Diopsite) 

2 MgO • SiOa (Olivine) 

CaO • AlaOj ‘ 2 SiOa (Anorthite) ; 

in other words, that there is no aggregation of molecules in these 
substances. These determinations of molecular weights have been 
determined in the same manner by Doelter and M. Vuenik^®®, but 
these investigators reached entirely different conclusions and were of 
the opinion that the application of the van’t Hoff formula to fused 
silicates is not free from objection, on account of the few determinations I 

of q which have been made. The determinations of T are only reliable 
between 20° and 30°. It is not, therefore, surprising that Doelter and 
Vuenik found that the results obtained by this method disagreed with 
the formulae in eight cases out of nine. 

Doelter has not expressed any doubt as to the solid silicates being 
polymerised compounds, and he has, indeed, pointed out that if the 
van’t Hoff formula is retained the results obtained from it agree much 
more closely with multiple than with single formulae. According 
to Doelter, an extensive polymerisation occurs when aluminous 
silicates pass into the solid state, as is shown by the great heat of 
crystallisation. , 

Van’t Hoff’®^ has expressed the opinion that the solid state is not 1 

characterised by the formation of a complex molecular structure, but 
that in solid solutions the facts appear to show that the molecules are 
of the simplest possible constitution and not greater than twice th© 
molecular weight ordinarily stated. This view is based on studies of I 

isomorphous mix-crystals which it is assumed are in the stai^ of lolid ! 

solutions. Positive proof of the non-potymerisation of the molecules i 

in solid solutions has not yet been published ; on the contraiy , msuay 
facts are quite opposed to this view. 

Becke^®* has criticised Dock’s theory in a manner which demands 
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further investigation. According to him, in endeavouring to explain 
what relationship exists between crystalline form and chemical com- 
position, special attention must be paid to symmetry as this is the 
most obvious factor common to both stereo-chemistry and crystallo- 
graphy. In Fock’s theory this is not the case. 

Becke’s®®^ attempt to explain stereo-chemically the cause of the 
hemihedrism * of calcspar and magnesite and of the tetrahedrism f 
of dolomite and ankerite is of special value. He started with the 
Bravais-Sohncke theory of crystalline structure, but instead of 
extensionless points he imagines symmetrical, corporeal molecules or 
molecular groups as forming a kind of lattice-work. Nevertheless, 
F. Becke has only been able to apply his partially developed ideas to 
a few cases, and as he has suggested no hypothesis to explain the mini- 
mum molecular weight in the solid state, his ideas do not admit of 
general application. According to L. Brauns®®®, the method adopted 
by Becke in attempting to ascertain the relative position of the atoms 
in space may result in representing symmetry in the form of a stereo- 
chemical formula. 

(b) The Modem Theory of Crystalline Structure and the Possibility of 
its Combination with Structural Chemical Theories 

The work of Fock and Becke in connection with the formulation of a 
stereo-chemical theory would probably have been crowned with quite 
different results if the leading structural chemical theories were in as 
complete agreement with the available experimental material as is the 
case with the H.P, theory, or if the existing stereo-chemical theories 
had been placed on a broader basis. Hence it seemed worth while to 
endeavour to convert the H.P, theory into a general stereo-chemical 
theory and to combine it with the results of crystallography. This 
would appear to be the best method of solving the problem as to the 
relationship between crystalline form and chemical composition. 

The fact that a series of physical properties of crystals shows a 
definite arrangement in the smallest particles, has stimulated a number 
of investigators such as Bravais®®’, Frankenheim®®®, and Sohncke®®® to 
attempt to find the laws connecting the theoretical spatial relations of 
observed crystalline forms to the corresponding symmetries. 

If the limiting faces of crystals are conceived as lying in three 
axes which meet in a point but are not in a single plane, the crystalline 
forms of any substance may — ^as is well known — ^be expressed in terms 
of the lengths of these axes and of the angles between them. It is 
also fupposed that the smallest particles of which crystals are com- 
posed lie along the same axes in accordance with definite laws, thus 

* Hemihedrism is the formation of half the number of faces possessed by the com* 
plete forms of crystals of the same series. 

t Tetrahedri^ occurs when a crystal has only one quarts of the number of 
faces possessed by the primary form. 
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forming the various crystal forms. The generally accepted explanation 
of crystalline structure originated in this manner. 

If this theory of crystalline structure is to be combined with a 
structural chemical theory, atoms or groups of atoms must, clearly, 
be conceived in place of the formless points. These points then become 
the centres of gravity of the various atoms or atomic groups. The 
place in which these ‘‘ points ” are found is their average plane of 
equilibrium, as the atoms and molecules are, as a result of their heat- 
content, in a state of constant, oscillatory motion. 

None of the ordinary structural chemical theories can be combined 
in a simple manner with the general theory of crystalline structure. 
This combination is possible, however, as soon as the H.P. theory is 
extended into a stereo-chemical one. 


(c) Stereo-hexites and Stereo-pentites, or a Stereo-chemical Theory 

In a geometrical double pyramid of the form P ; 

C 



the two bases of the pyramids are identical. 

In this M-pyramid P, OF is represented by C, AD by A and BE bv B 
the axes of which cut each other in 0. The lines OA, OB and 00 ar^ 
represented by a, h and c and the angles COB, COD and BOD bv a 

termed chemical axes, the 
ratio a b .CIS termed the chemical parameter ratio ” and the ancles 
a, ^and y are termed the angles of the chemical axes. 

In a given hexite, such as the compound 6 SiOj, the atomic groups 
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Si 02 inay be arranged at each of the six corners of the double pyramid 
P. The valencies between the Si02 molecules are partly in the direc- 
tion of the diagonals of the hexagon, i.e. in the direction of the chemical 
axes, and partly in the direction of the edges of the double pyramid. 
It is clear that in a hexagon only a portion of the possible valencies 
can be represented : 


C 



F 


If the atomic groups of a pentite radicle 5 Si02 are supposed to be 
distributed in space, this must be doubled and a double pyramid P' 


c 



described in which the bases ABDE and A'B'D'E' do not coincide, 
but are parallel to each other, though the distance between them is 
infiniWy small. At the corners of this pyramid (P'), which possess a 
common chemical CF which cuts the other parallel chemical axes 
AD, BE and ATD', t'E' in the points O and O', the atomic groups of 
two pentites are found. 

The straight lines OA, O'A', and OB, O'B' are each respectively 
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equal, and may be represented by a and 6. The straight line 00 is 
equal to O'F and may be represented by c. The pentites thus have a 
chemical parameter ratio a ih :c and the angles of their chemica axes 
are analogous to those in the hexites a, /S and 7* 

A compound of the composition 6 Al.Os * 12 SiO^ may be repre- 
sented diagrammatically by 

fs^A^lAM'si^l 



i.e. the atomic groups in a molecule consisting of several hexites may 
be conceived as analogous to those of a hexite divided in space. The 
following facts should be observed : 

1. All the atomic groups (AI2O3 and Si02) marked C and F in the 
compound in question are found on the axis CF, whereby each four 
Al203-groups, as shown by the structural formula, must lie near to 
each other, two pairs of SiO 2-groups, on the contrary, are further apart 
from each other. 

2. All the atomic groups (AI2O3 and SiO 2) marked A and D are on 
the axis AD whereby the AI2O3- and SiOg-groups are situated precisely 
the same as those on the axis CF. 

3. The atomic groups marked B and E are distributed along the 
axis BE in an analogous manner as in 1 and 2. 

4. Each six atomic groups — either SiO 2 or AI2O3 — of tho com- 
pound are bound by valency forces to their position in space, as is 
shown by the structural formula : special valency forces between the 

A A 

Si- and the Al-radicles are also in operation, as may be seen from the 
structural formula. With such an arrangement in space of the hexite 
units, it must clearly occur that the distances between the atoms of 
the two Al-hexites and of the two Si-hexites in the compound are 
unequal. Nevertheless, the difference in the distances between the 
atoms or atomic groups of the various Al- and Si-hexites is so extremely 
small that the different Al- and Si-hexites in the comporiid may be 
regarded as fully analogous. 

5. A study of the aluminosilicates and allied chemical compounds 
shows that side-chains (basic, constitutional, water of cry^allisttion, 
etc.) may be attached in the direction of the axes 0F| AJ> and B!!E. 

6. If atoms qr atomic groups occur at the point O (Fig. P), i.e. 
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in the point at which the three chemical axes cut each other, and are 
combined by valency forces with two, or n, hexites or pentites, the 
(S- and y-complexes are formed (pp. 76 and 241). 

7. The chemical parameter ratio a:h:c and the size of the angles 
a, ^ and y form the chemical constants and depend upon the size of the 
valency forces between the atomic groups. 

(d) The Hexite-Pentite Law 

The valency forces between the hexite- and pentite-units and 
the radicles themselves (the hexites and pentites) of various sub- 
stances are very variable ; in many compounds they are so feeble 
that the existence of the hexite-pentite law has naturally been over- 
looked until the present. 

It is highly probable that very many compounds (both simple and 
complex) of widely different elements, such as carbon, silicon, alu- 
minium, iron, chromium, manganese, the halogens, nitrogen, oxygen, 
etc., exist in the form of hexites and pentites or in combinations of 
these — as has already been shown in the present work. This imphes 
that this arrangement of the atoms is neither a mere coincidence nor a 
property of only a few substances, but of matter generally, and on this 
the hexite-pentite law is based and has proved to be of great value in 
stereo-chemistry. 

The hexite and pentite form is not characteristic of only a few 
compounds (aluminosilicates, silico-molybdates, metal-ammonias, etc.) 
but of matter generally. Each chemical compound in the solid state 
is composed of hexites or pentites or combinations of them, the atoms 
or atomic groups being arranged in space in the manner indicated. 
In this manner major and minor valencies occur. 

(e) The Comhination of the Stereo-Hezite-Pentito Theory and the Idodem 
Theory of the Structure of Crystals 

The stereo-hexite-pentite theory mentioned above, and for the 
sake of brevity termed the “ S.H.P. theory,” may easily be combined 
with the theory of crystalline structure published by Bravais, Eranken- 
heun and Sohncke, by substituting the units of hexites and pentites 
for the formless “ points ” in the letter theory. 

Frankenheim®*®, in his theory of the structure of crystals, has 
regarded these points as molecules from which the crystals form. 
Sohncke*®^, m his 'theory of the atomic construction of matter, also 
used the word “ point ” as meaning “ molecule.” Sohncke sought to 
prove by d priori ai^uments that if the atomic construction of matter 
is the cause of the structure of crystals, only the present known systems 
of crystals can exist, no others being possible. 

The hexite and pentite units are not equidistant frofh each other, 
as different aS^ties exist between them, especially if the substance 
under consideration is composed of units of different natures. The 
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distances between the various units, and particularly the differences 
in these distances, are so extremely small that they may be regarded as 
equidistant. If it is assumed that all the' “ molecular lines ” AD, BE 
and CF, on which the hexite and pentite units are distributed, are in 
parallel groups (i.e. all the AD lines are parallel to all the AB lines 
and so onj and that the “ molecular planes ” ABDE and A'B'D'E^ 
are parallel to each other, the so-called “network” and “regular 
system of points,” i.e. the theory of crystalline structure, follows.®*® 

Limits of space prevent a more detailed description of the generally 
accepted theory of the structure of crystals ; this can be obtained 
from the published literature on the subject. It may, however, be 
noted that this theory is generally accepted because it is in full agree- 
ment with numerous properties of crystals. Thus it was found, as a 
result of this theory,®*® that altogether 14 kinds of parallelopipedonal 
arrangements are geometrically possible and that only seven classes of 
crystals can exist which can be distinguished by their S 3 anmetry. This 
result is in agreement with experience. The seven different arrange- 
ments in space of the molecules show the same symmetrical ratios 
as the seven classes of crystals show in regard to cohesion. 

It may be inferred a priori that, as this theory of crystalline 
structure does not postulate any bonds (affinity forces) between the 
units of the crystal, i.e. between the atoms or atomic groups, and pays 
no regard to the nature of these units, it cannot explain many of the 
constitutional properties of crystals. Thus, according to the “ network 
theory ” all crystals which crystallise regularly must be optically 
isotropic, yet such crystals are toown which are optically diaxial, i.e. 
anisotropic. This theory also fails to explain other properties of 
crystals which are probably of a constitutional nature, such as the 
difference in behaviour of a crystal in two different positions such a,s 
is shown by its solution and change of temperature under the action of 
an electric current, and by the existence of two crystals built in 
opposite ways and polarising circularly in opposite directions. Sohncke 
endeavoured to explain this last property crystallographically by 
means of new hypotheses. 

As previously explained, it is possible to combine the stereo-hexite- 
pentite theory with the modem theory of the structure of crystals. It 
is by no means improbable that the weaknesses in the modem theory 
of the structure of crystals may be overcome by its combination with 
the S.H.P. theory. To ascertain this it is now necessary to see how 
the facts agree with the S.H.P. theory. 

(/) The Stereo-Hexit&>Peiitite Theory and the Facts 
A. Di- and Poly-morphism and Hatty’s Law 

It follows from the theory ttat a given compound such as C^CO», 
may e:mt in either tl^e hexite or pentite form if it is in the solid kate. 
The mmimum molecular weight of this substance when in the solid 
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state may therefore correspond to (CaC03)8 or (CaC03)io, or if both 
hexite and pentite radicles exist in the same molecule, other compounds, 
such as (CaC03)i8, (CaCOs)^^, etc., are possible. The actual existence 
of simple acids and salts in the form of hexites and pentites has been 
shown in a number of cases in the chapter on “ The H.P. Theory and 
the Constitution of Simple Acids ” (p. 268). In the following formulae, 
which may lead to a theoretical minimum of molecular weight, it will 
be found that simple salts may consist of hexites and pentites and 
their combinations : 

In this connection the composition of the following borates®** is 
interesting : 


Boronatrocalcite Na,© • 2 CaO • 5 BjOa • 1*2 H,0 

Ascharit© 6 MgO • 3 BjOi • 2 HjO 

Pandermite 2 CaO • 3 BjOs • 3 H,0 

Colemanite 2 CaO • 3 BjO, • 5 H,0 

Franklandite Na,0-Ca0- 3 B,0, • 7 H,0 

Hydroboracite Mgo • CaO ' 3 BjOj • 6 H,0 

Larderellite 2 (NH4),0 • 8 B.O, • 8H,0 

Kaliborite K.O • 4 MgO • 11 B.O. • 12 H.O 


The minimum molecular weight of some phosphates, arsenates and 
vanadates may be found from the composition of the minerals of the 
apatite group 


f9 CaO • 3 P.O. • CaPl, 

Apatite -19 CaO • 3 P»0» • CaClj 

i9Ca0-3P,0. •Ca(Cl,Fl). 

Pyromorphite 9 PbO • 3 P,0* • CaCl, 

Polyspharite 9 E'D • 3 P.O, • CaCl. (E''=Pb, Ca) 

Mimetesite 9 PbO ■ 3 As.O, • PbCl, 

Kampylite 9 PbO * 3 EljO, • PbCl. (E’'=P, 

Vanadinite 9Pb0-3V,0, ‘PbCl, 

Endlichite 9Pb0-3E;0, • PbCl. (E''=As, Vd) 


Hexites and pentites may also be formed from the molecules Si02, 
TiO*, ZrOg, Fe^Oa, AI2O3 and from the atoms S, Se, P, C, etc. All 
these substances, when in the form of hexites or pentites, have, 
nevertheless, the empirical formulse SiOj, TiOj, etc. Hence such 
hexites and pentites must be distinguished from each other by means of 
their crystalline form, hardness, specific gravity, behaviour towards 
reagents, etc. In a certain sense it may be stated that the substances 
CaCOs, SiOg, TiOg, etc. are di- or poly-iporphous ; in reality they form 
chemically different substances. 

This consequence of the theory may be fully and completely proved 
by the facts. From the large aniount of published information 
respecting polymorphous substances®*^ the following may be quoted : 

Calcium carbonate (“ CaCOg ”) ; hexe^onali’rhjMabehedric as calcite 

(oaiispar),*” rhombic as aragoipte.**®” *• » 

iSfronfiMm cor&onafe (“StCOs ”)•: diqiorphor^/*^ ‘ f. 

Silica (“ SiOg ”) : hexagonal-trapezohedric^tratoledric as quartz. 
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hexagonal as a-tridymite/®^ rhombic as jS-tridymite. Von Lasaulx®®^ 
and Schuster®®^ have regarded /8-tridymite as triclinic ; Mallard®®^, on 
the contrary, has shown that jS-tridymite crystallises rhombically and 
Arzruni®®^ and Groth®®® agree with him. SiKca also crystallises regularly 
as a-cristobaiite®®’ and tetragonally as ^-cristobalite.®®® 

Titanic oxide (“ TiOa ”) : tetragonal as rutile,®®® tetragonal as anas- 
tase,®^® rhombic as brookite®^^ or arkansite and as edisonite.®^® Haute- 
feuille®^® has prepared anastase artificially at 860°, brookite between 
860° and 1000° and rutile at a higher temperature. 

Sul'phur (“S’^): rhombic, ®^^ a-monoclinic,®^® )S-monoclinic,®^® 
y-monoclinic (?),®^’ hexagonal®^® and as “ black sulphur.’^®^® 

Ferric Sulphide (“FeSa’'): regular pentagonal hemihedric as 
pyrite,®^® rhombic as marcasite.®^^ 

An interesting light is thrown by the S.H.P. theory on the cause of 
the dimorphism of the compounds with the empirical formula FeS 2 . 
These sulphides may be compared with oxygen compounds from 
which the oxygen has been removed. For instance, the following 
compounds, with the ratio R : S = 1 : 2 are theoretically possible : 

(а) lJE"0-3R/"0,-16S0, 

(б) 3R/"03-12S0, 

(c) 3R"0 • 6 SO, 

If the oxygen is struck out and Fe" is substituted for R" and Fe'" for 
R'", the following compounds will be produced : 

(a) liFe^-3Fe/"-15S== T.SFeS* 

(&) 3Fe/"-12S = 6 FeS^ 

(c) 3Fe" -68 = 3 FeS, 

In other words, three different compounds with the empirical formula 
FeSg are possible. In the first, one-fifth of the iron must be present 
in the ferrous state, the remainder being ferric ; in the second all the 
iron is in the ferric state, and in the third compound the whole of the 
iron is in the ferrous state. 

According to Brown® only one-fifth of the iron in pyrite is in the 
ferrous state, whilst in marcasite it is all in this state, i.e. the structural 
formula a is that of pjnrites, and c is that of marcasite. The b form of 
FeSg is not, at present, known. Brown assigns to pyrite the following 
improbable formula : 


F 

/\ /\ 

s s— s s s s— s s 

Other metals whose compounds occur in “ ous afid ic ” states — 
such as cobalty nickel, etc. — ^must form analogous compounds with the 


Fe 

/\ 
S S 


Fe Fe Fe 
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general formula RS2. In short, compounds with the general formula 
RS2 must be di- or poly-morphous. 

This treatment of the sulphides leads to new ideas as to their 
constitution, and it would be interesting, did space permit, to calculate 
the formulae from the analyses of such compounds and to study their 
properties in the light of this theory. 

The simple elements Se, P, As, C, Sn, Zn, Fe, Ir, Pd, Ag, etc., occur 
in various forms, as do also the compounds : (NH4)2SiFl8, KgSnFl®, 
ZnS, HgS, FeSa, AgaSbSg, As., 0 ^, NH4NO3, KNO3, 

LiNOa, AI2O3 • SiOa, NaaO • ALOg • 3 SiOs, NagO • AI2O3 • 4 SiOg, 
KgO • AI2O3 • 2 SiOa, CaO • AI2O3 • 2 SiOg, etc. 

According to the S.H.P. theory each chemical compound in the 
solid state must have its own definite a :b : c ratio and its own a, /S and 
y angles ; i.e. it must have its own crystalline form. According to this 
theory it is improbable that a single substance can change its crystal- 
line form. This agrees in a remarkable way with the law stated by 
the well-known mineralogist Hauy®^® in 1801 , to the effect that “ one 
and the same substance, in a chemical sense, can occur in only one 
form.” 

Berthollet®^^ opposed Hauy's view and suggested that the forms of 
crystals are accidental and are independent of their chemical com- 
position. In support of this he referred to the two minerals aragonite 
and calcite, which have both the same chemical composition (CaCOa), 
yet differ in crystalline form. Hauy next suggested that the difference 
in the crystalline form of these two minerals might be due to the 
presence of strontium in aragonite, though he failed to find strontium 
in some aragonites, and was eventually obliged to abandon this 
suggestion. In spite of opposition, Hauy refused to abandon his 
“ law ” and maintained that the calcspar-aragonite problem must be 
capable of some other explanation. Since 1821 , however, Hauy’s law 
has been ne^ected on account of the discovery, in that year, by 
Mitscherlich®^® of two forms of sodium phosphate H2NaP04 • HgO. 

Mitscherlich®^® held that any substance — elementary or compound 
■—can occur in two different crystalline forms. This view, which was 
based on the occurrence of two sodium phosphates with the formula 
H2NaP04*H20 and of various elements in several forms, is clearly 
incorrect, as de facto these are chemically different compounds, aU 
of which possess the same empirical formula. 

It was only towards the close of the nineteenth century that a 
number of investigators concluded that Hauy's law is correct. Thus, 
Geuther®^’ endeavoured to find the cause of the dimorphism of CaCOg 
in the existence of a “ di-carbonic acid ” H4C2O6 and a ‘‘mono-carbonic 
acid” HgCOs; assigned to calcite and aragonite the following 
structural formulae : ^ v 

'^0 = 0 

Calcite* 
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and 


KoXoXo> 

Aragonite. 


The credit for an explanation of di- or poly-morphism by means 
of an assumption which agrees with the S.H.P. theory is due to 

O. Lehmann®^®. This is based on numerous experiments. He concluded 
that the chemical molecules within the physical molecule are combined 
with each other — even though loosely ; and that different modifications 
of a polymeric substance are really different substances. 

As the result of his experiments, Lehmann was led to a “re- 
discovery’' of Hauy’s law which he stated in the following terms : 

1. No substance has more than one crystalline form. If two 
substances have different crystalline forms they are different substances 
chemically, no matter whether they are atomic or molecular compounds. 

2. No substance has more than one state of aggregation. The so- 
called “ three states " of aggregation of some substances really repre- 
sent three chemically different substances. 


£. Isomorphism in the light of the S.H.P. Theory 

Substances which are chemically related and those having an 
analogous constitution must clearly be related in their crystalline 
form. Such a connection between the crystalline form and chemical 
composition may be inferred from the S.H.P. theory, but its existence 
was discovered as early as 1819 by Mitscherlich®^®. Whilst examining 
phosphates and arsenates Mitscherlich observed that the salts of both 
phosphoric and arsenic acids frequently have the same form; he 
concluded that the chemical and crystalline forms are interdependent 
and proposed the term “ isomorphism ” for this phenomenon. 

From the S.H.P. theory it also follows that isomorphous compounds 
have similar, but not absolutely identical chemical and geometrical 
constants (a : 6 : c and a, /3, y). As the geometrical constants depend 
on the valency forces between the units and these vary with different 
units, the geometrical constants of analogously constituted substances 
which contain somewhat different constituents must clearly show 
certain differences. Hence, if the substances have not precisely the 
same composition they cannot be regarded as of identical crystalline 
form even though they are apparently quite isomorphous. Groth®®® 
has shown that, with more accurate instruments, the angles of crystals 
of isomorphous substances are found to be very nearly, but not abso- 
lutely, equal to each other. 

The isomorphism discovered by Mitscherlich was found to occur in 
all mineral groups, and such minerals are therefore arranged into 
groups of crystallographically related substances. Amongst the most 
important of these are the widely distributed minerals of the felspar 
group, which have a remarkable resemblance to each other in their 
crystalline form and other physical characteristics. Schuster’s®®^ 
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investigations have shown that in a large number of felspars (plagio- 
clases) the optical properties show these substances to be capable of 
arrangement in a definite series. 

Under the name “ tourmaline ” are grouped a number of minerals 
which, with the instruments available, appear to agree completely in 
their crystalline form and are, therefore, regarded as isomorphous. 
Mica, clintonite, etc., form similar groups. Chemists and mineralogists 
have been very energetic in endeavouring to explain the isomorphism 
of such minerals in terms of chemical structure, but so far they have 
found no generally satisfactory solution to this problem. Thus, 
Rammelsberg®^^^ early as 1850, pointed out a relationship between 
the monoclinic orthoclase and the triclinic minerals albite, oligoclase, 
labradorite and anorthite. According to him these minerals closely 
resemble each other in their geometrical form and do not differ from 
each other more than do other isomorphous substances. They also 
show a great similarity in their physical properties, but chemically 
they show such dififerences that ‘‘ chemists consider that a separation 
is essential.” On another occasion Rammelsberg®®^ pointed out the 
similarity of the tourmalines crystallographically, though, according 
to him, they are quite unrelated chemically. In his opinion, the 
tourmalines consist of silicates of varying degrees of saturation which 
are combined in different ways and yet are isomorphous, i.e. they are 
of very similar form. 

In order to explain the relationship between the crystalline form 
and the chemical composition of minerals of the felspar group, Tscher- 
mak assumed that the felspars were isomorphous mixtures of two 
silicates — albite and anorthite — to which he gave the following formula : 

Albite NaAlSiSiaOj 

Anorthite . . .iCaAlAlSigOa 

All triclinic felspars are, according to Tschermak, simply mixtures 
of albite and anorthite in all imaginable proportions, so that a con- 
tinuous series is possible. Although this felspar theory has proved of 
great value for the systematic study of analyses of the felspars, it has 
been powerfully opposed from several sides. As a matter of fact, 
there is always some K, Mg, and ferrous and ferric iron in felspars which 
do not occur in the mixtures ; i.e the felspars cannot contain these 
substances if they are simply mixtures of albite and anorthite. After 
prolonged discussion, extending over some years, Tschermak’s theory 
is now accepted by most mineralogists, particularly since Schuster®®^ 
has shown that the plagioclases may be made to form a series based on 
their optical properties and that for each composition of the limiting 
members there is a definite optical behaviour which is reminiscent of 
either albite or anorthite.®®® 

As the miscibility of albite and anorthite — ^which are not analogous 
in their chemical composition — appears plausible from a chemical 
point of view, attempts have been made in other directions to fimd 
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structural formulae for the mixed members of the felspars — ^albite and 
anorthite — so that they appear to have a chemical as well as a crystallo- 
graphic relationship. For instance, Clarke®®® has suggested the follow- 
ing formulae ; 

^Ca-^ 


/[SijO,] = Na, 
AlASi,Oa] = A1 
\[SiaOs] s A1 


/[SiOa] = Ca Ca = [SiOalx 
Al^SiO,] = A1 A1 = [SiOaHAl 
XCSiOJ = A1 A1 = [SiOJ/ 


Albite. 


Anorthite. 


Here he clearly assumes the possibility of an isomorphous replace- 
ment of the tetravalent groups (Si 04 ) and (SisOs). Groth®®^, on the 
contrary, suggests the following formulse for the same substances : 


Al/0\Si = 0 

6 


Si 


/O— Na 
^0 


Albite. 


„.^o 

f \0— Al— 0— A1 = 0 

1) \o 


Si 


./O— Ca 


■^0 


Anorthite. 


Attempts have also been made to explain the relationship between 
the crystalline form and the chemical composition of the tourmalines 
on the assumption that hypothetical members of the series exist. 
Jannasch®^® has given the following simple formula for the “ isomor- 
phous mixture series ” : 

Si Si 


0 0 0 Ov /O 0 0 0 

I I I > III 

ERR I R R R 



This does not agree with all the ratios of SiOg : BgOg actually 
found in tourmalines. Clarke®®^, on the contrary, assumes the following 
hypothetical members for the tourmaline series which are analogously 
constituted ; these approach more closely to the actual facts : 


I. 

y'Si04 ^ Rs 
Al^i04 - A1 
\Si04 = Al — BO 4 
I 

A1 — BO, = NaH 

I 

/SiO, = Al — BO, 
Al^iO, = A1 
\SiO, = A 1 


II. 

/SiO. = MgH 
Al^iO, = MgH 
\SiO« = Ai — BO, 

I 

Al — BO. = NaH 

I 

/SiO, = Al — BO, 
Al^iO, = Al 
\SiO4 = Al 
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ra. 

/SiOi = MgH 
Al^i04 = MgH 
\Si04 = Al — BOa 
I 

A1 — BOa = NaH 


IV. 

/Si04 = MgH 
Al^SiO« = MgH 
\Si 04 = Al — BO, 

A 1 _B 03 = NaH 


/Si04 = A1 — BO, 
AJ^SiO, = MgH 
\SiO4 ^ A1 


/SiO, = A1 — BO, 
AJ^iO* = MgH 
\SiO 4 = MgH 


It is interesting to see what is the genetic relationship between all 
the members of the felspar groups, both crystallographically and 
physically, in the light of the S.H.P. theory. The calculation of the 
formulae of a large number of analyses of the felspar group (see 
Appendix) shows that they may be regarded as salts of the following 
acids : 

I. II II 1 


A. -^Si'RlSi Si ElSiV 


/\X\ 


Si I R Si I Si R Si 

Y~YY“V 


=<(Si I R I Si I Si I R I Si\= 
ll~\/ \/'“(l 


D. (a) [SifR|Sijs^|R|Si 


D. (6) Si R Si I Si R Si 


8 H,0 • 5 A1,0, 
7 H,0 • 6 A1,0, 

9 H,0 • 6 A1,0, 
12 H,0 ' 6 A1,0. 


•22SiO, 
24 SiO, 
20 SiO. 
24 SiO. 


Two isomeric compounds D are shown ; isomers of the other 
hydrates are clearly possible. 

As has already been shown, each of these types can produce a 
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whole series of hydrates. Strictly speaking, the formulated felspars of 
these different types are salts of various hydrates. 

The hydrates here nientioned are, in a certain sense, the maximal 
hydrates of the felspars of these types, with a maximum proportion of 
“ water of constitution ” or of acid hydroxyls. 

From this representation of the structure of the felspars the 
following inferences — ^which are in agreement with previous experi- 
ments — ^may be drawn : 

1. There is a genetic relationship between the various members of 
the series, both physically and chemically, i.e. there is a similarity in 
their crystallographic, optical (see Schuster) and other physical 
properties. 

2. The proportion of potassium, magnesium and iron (the last 
named in various states of oxidation) in some felspars is appreciable. 

3. The maximum proportion of base + water of constitution in 
some felspars is explicable ; e.g. the presence in salt 50 of the A type 
of 6 MO * 2 H 2 O ; the presence of 7 MO • 5 HgO in No. 145 of type D 
and of 9 MO • 3 HgO in No. 146 of the same type (see Appendix). 

4. These structural formulae also provide an explanation how it is 
that if thi content of base is divided as in formula a (C axis) a different 
system will be produced than would occur if the base were in the 
positions shown in h (i.e. nearer the A and B axes) ; i.e. the formation of 
monoclinic and triclinic felspars may be readily understood. The 
formula h is that relating to the triclinic felspars. 

The general crystalline form of a large number of compounds, such 
as those of type a, is explicable by means of their common kernel or 
core. 

Analogous relationships are also observable in the minerals of the 
tourmaline group (see Appendix), 

It is interesting to note that Ketgere®^*^ had previously suggested 
that the isomorphism of the members of various silicate groups may be 
completely explained by means of a large, common kernel or core. 
‘‘ If we regard them as containing such a molecular cote, it is at once 
clear that the secondary atoms may be regarded as chemically analo- 
gous. No matter whether the molecules which adhere to the large core 
are small, like H 2 O, CaO or NHg, or whether they contain 6 or 7 
molecules aq., the chief fact is that the common core reveals itself 
clearly in the crystalline form.” 

These opinions on the constitutions of the felspars, toixmalines, 
etc., were not without influence, for even simple compounds of which 
the analyses lead to simple formulae have been regarded by many 
writers as though they were mixtures, i.e. as composed of substances 
mixed in capricious proportions and not combined in stoichiometrical 
quantities. Others have regarded substances as “ isomorphous 
mixtures ” even when they have shown them to be composed in 
definite stoichiometrical proportions. As an instance of this the 
‘‘ mix-crystals ” of sulphurous salts investigated by Fock®^^ m%y be 
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mentioned, particularly the ammonium salts (NH4)20 • S2O5 • IJHgO, 
and the salts with the general formula R'^0 • S2O5 • 4H2O (where 
R"=Zn, Cd, Fe, Ni, Co and Mn) which Fock has examined crystallo- 
graphically. In spite of the fact that these mix-crystals ’’ contain 
their various constituents in stoichiometrical proportions, Fock 
regarded them as isomorphous mixtures.’’ 

The following salts were obtained by Fock : 


I. 

1. 

4 (NH.),0 • 

ZnO 

■ 5S,0 


2 

4 (NH.),0 • 

FeO 

• 5S,0 


3. 

4 (NH.).O • 

NiO 

• 5 S ,0 


4 

4 (NH.),0 • 

CoO 

• 5S,0 


5. 

4 (NH.),0 • 

MnO 

• 5SsO 

II. 

6. 

3 (NH4),0 • 

2CdO 

■ 5 8^0 

III. 

7. 

16 (NH.).© • 

6 FeO 

• 22 8.0 

IV. 

8 . 

18 (]SIH4),0 • 

4 ZnO 

■ 22 8.0 


On re-calculating Fock’s figures the following Table is obtained : 


Compound 

(im4),o 1 
per cent. 

no 

per ceat. 

(IinE[4)»8aOa 
•1JH.0 
per cent. 

rtSaOe 

per c^t. 

1 Total 

Mol.- 

ratio 

NH* • Zn-Salt 







(a) Tabular crystals 

18.47 

6.39 

79.19 

19.90 

99.09 

4:1 

18.64 

6.44 

79.93 

20.07 

100.00 


(b) Prismatic crystals . 

18.82 ^ 

6.82 

80.7h 

18.12 

98.83 

9:2 

19.02 

6.92 

81.67 

18.43 

100.00 


(NH4) • Cd-Salt 

14.34 

10.40 

61.60 

38.36 I 

99.86 

3:2 

13.97 

17.16 

59.89 

40.11 

100.00 


NH4 • Fe-Salt 

(a) Crystal from the solution 

16.81 

8.12 

72.09 

27.43 

99.62 

CO 

00 

1 FeO : 1 . 

17.11 

7.88 

73.36 

26.64 

100.00 


(b) Crystal from the solution 

18.73 

6.89 

80.32 

19.90 

100.22 

4:1 

1 FeO : 4 (NH4)20 . 

18.77 

6.77 

80.61 

19.49 

100.00 


NH* • Ni-Salt .... 

18.64 

6.74 

79.94 

18.86 

99.00 

4:1 


18.73 

6.97 

80.34 

19.66 

100.00 


NH4- Co-Salt .... 

18.69 

6.73 

80.15 

18.86 

99.01 

4: 1 


1 18.73 

6.97 

80.34 

19.66 

100.00 


NH4 • Mn-Salt .... 

18.41 

6.63 

78.95 

19.23 

98.18 

4:1 


18.79 

6.69 

80.68 

19.42 

100.00 



The molecular ratios shd#n above differ slightly from Fock’s ; he 
obtained a series corresponding chiefly to 4 (NH4)20 • R"0 • 5 SaOs* 
According to him the geometrical ratios of these salts are : 


Compound 




Zn Sfklt 
CdSalt 
FeSalt 
Ni Salt 
Co Salt 
Mn Salt 


a:b : c 


2.0697 : 1 : 1.2042 
2.1299 : 1 ; 1.2263 
2.0664 : 1 : 1.1907 
2.0643 : 1 : 1.2077 
2.0694 : 1 ; 1.2046 
2.1289 : 1 : 1.2173 




90° 62' 
90° 49' 
90° 61' 
90° 66' 
90° 64' 
90° 19' 


These figures do not indicate “ isomorphous niixtures,” but 
definite chemical compounds in which may clearly be seen the charac- 
teristic which is so often observed in pentites, viz. that one-fifth of 
the units behave differently from the remainder. 
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Rammelsberg®^^ has also shown that the components of ^‘iso- 
morphons mixtures have a relatively simple relationship to each 
other ; from this hb concluded that they must be regarded as molecular 
compounds with a simple and rational molecular ratio. 

The influence of Tschermak’s theory of the constitution of some 
felspars has been very great and some chemists and mineralogists have 
even used it to explain the crystallographic relationship between the 
members of a series of other complex silicates. In this way, the 
minerals of the scapolite group with its end-members consisting of 
mejonite Ca 4 AleSi 6025 and marialiteNa 4 Al 3 Si 9024 Cl ; the amphibole 
group with actinolite (Mg. Fe) 3 CaSi 40 i 2 a»nd syntagmatite 
SisOia)®^^ as end metals, the clLatonite, mica, orthochlorite and other 
groups have been regarded as isomorphous or morphotropic®^® 
mixtures. No one appears to have been troubled by the thought 
that many of the so-called mix-crystals of this series are still un- 
known. 

Rammelsberg®^® sharply protested against this generalisation of 
Tschermak’s theory with which he did not agree, but he was unable to 
convince many people of the truth of his protest. It is clear that, if the 
Tschermak theory were correct, it would be of general application and 
would not apply to merely a single group of minerals, as is found 
to be the case. The great difficulty in the way of accepting the theory 
that these substances are isomorphous mixtures is to be found in some 
facts which this theory cannot explain and which are in direct con- 
tradiction to it. Thus, Retgers®^^ endeavoured to produce mix- 
crystals from the salts KH 2 PO 4 and NH 4 H 2 PO 4 , and according to this 
theory he should have obtained an “ unbroken series of mixtures.’^ 
As a matter of fact, he was only able to obtain mixtures ” containing 
100 to 80 per cent, of potassium salt to 0 to 20 per cent, of the ammonium 
salt, and 20 to 0 per cent, of the former to 80 to 100 per cent, of the 
latter. He could not obtain any intermediate compound containing 
75 to 25 per cent, of the potassium salt and 25 to 75 per cent, of the 
ammonium salt. In endeavouring to prepare mix-crystals of KCIO 3 
and TICIO 3 the same investigator®®® again failed to obtain a continuous 
series. The crystals produced contained either 0 to 36-3 or 97-93 to 100 
molecular per cents of the first salt. Between these limits of 36-3 
and 97-93 there was a gap of nearly 62 molecular: per cents. H. 
Schultze®®^ in preparing mix-crystals of PbMo 04 and PbCr 04 has 
found that these only unite in certain definite proportions. 

Negative results have also been obtained by several other investi- 
gators such as Wyrouboff®®^ (NH 4 ) 2 S 04 and (NH 4 ) 2 Cr 04 , 

Topsoe®®® with BeS 04 * and BeSe 04 - 4 H 2 O. No explanatiori 

of these facts, which are in direct opposition to the theory of isomot-i 
phous mixed crystals, has yet been found. Yet these facts are not 
merely explicable by, but are direct consequences of the H.P. theory 
when the following are taken into consideration : 

1 . Tammann’s chemical and physio-chemical investigations have 
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shown that, in accordance with the H.P. theory, the OH-groups in the 
hydrates 


1 

_/\_ 


1 A 1 
-<z_|p|p>- 

JpL 

\ K 

\/ 

1 


1 \/~i 

II 

vC) 

(a) 

(b) 

3 HjO • 3 PjOj 

5 H,0 • 5 P.Os 

5 H,0 • 8 P,Os 


behave differently ; in a J, in & J-, and in c f behave differently from 
the remainder (see pp. 268 and 269), Por this reason Tammann was 
only able to obtain from the hydrate a the salts Na^O • 2 KjO • 3 P^Oj 
and K^O • 2 Na^O • 3 PjOs, and conid not prepare i Na^O • 2J KgO • 
3 PaOs and i K^O • Na^O • 3 PjOs in this manner. 

Further, in these alkali-salts of the hydrate a, only J of the base 
conducts positive electricity and K 4 (POs )6 passes off as an anion. 

In the compound (NH4)20 • 4(NH4)20 • SP^Os, J of the base 
behaves differently from the remainder (p. 269) both chemically and 
physio-chemically. Thus, only f of the can be replaced by a 

base, the compounds (l:OT 4 )jO • 4 R 2 O • SP^Os (R'=Na, Li) being 
formed ; only i of the base atoms conduct electricity. From the 
composition 3R"0 • 2 Na 20 • SP^Os (R"=Mg, Ca, Mn) it may be 
seen that in the hydrate c, % of the base behave differently from the 
rest. 

2. The minerals of the epidote group have the general formula : 

2 HjO • 8 CaO • 6 R/"0, • 12 SiO, (R'" = Al, Fe), 


and the structural formula : 


II I 


I Si 
■\ 


R R 

/\ 

I 


II 

'\/V 

SiL 

,/ 


In the R-hexites, J of the R-atoms must clearly behave differently 
from the others. As a matter of fact, the end-members of this mixed 
series (see Appendix) are : 

II I I II 

■ > ISi Al AllSil 


and 



2 H 2 O • 8 CaO • 5 Al.Oa • • 12 SiO* 


/\/^\/"\/\ 

Z|Si| Fel Fe |Si|Z 

II I I II 

2 H»0 • 8 CaO • 4 Fe^O. • 2 A1,0, • 12 SiO, 

Members with 6.6 AlgOs ’ 0*6 FejOg or 5 Fe 2 O 3 • AI 2 O 3 are unknown. 
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These facts lead to the conclusion that, in many cases, the pro- 
duction of a continuous series of mixtures without any gaps is chemi- 
cally impossible. In this way the experimental results obtained by 
Retgers, Schultze, Wyrouboff, Topsoe and others may not only be 
explained, but can .actually be predicted from the H.P. theory. For 
instance, Schultze’s experiments on the production of mix-crystals from 
PbMoO^ and PbCr04 lead to the result shown in the following Table : 


Constituenta 

Mol.% 

Mols. 

Mol. % 

Mols. 

Mol. % 

Mols. 

Crystalline 

Colour 

PbMo 04 and 1 

74 

12 

66 1 

4 

58 

3 


j- tetragonal 

red 

PbCr 04 

26 

4 

34 

2 

42 

2 

J 

PbMo 04 and 

27 

6 

10 

2 

— 

— 

1 

- monoclinic 

yellow 

PbCr 04 

73 

16 

90 

18 

— 

— 

J 



Schultze thus obtained two series of salts which may be distinguished 
by their crystalline form and colour, viz : 


ft/ ft/ 

I. 

1. 

16 PbO • 12 M 0 O 3 • 4CrOi 


2. 

6PbO- 4MoO,- 2CrO, 


3. 

5 PbO- 3MoO,- 2CrOa 

II. 

4. 

22 PbO- 6MoO,-16CrO, 


5 . 

20 PbO- 2MoO,-18CrO, 


The difference in the crystalline form and the colour of the crystals 
obtained from a mixture of PbMo04 and PbCr04 can be explained. 
These properties are closely related to the chemical constitution of 
these substances : the tetragonal form and red colour are character- 
istic of hexites and pentites in molybdenum compounds in which this 
metal is partly replaced by Cr, and the monoclinic form and yellow 
colour are natural to chromium hexites and pentites in which part of 
the metal has been replaced by Mo. There is also another good reason 
why Schultze could not obtain a continuous series of mixtures from 
lead molybdate and chromate, viz. in Mo- and Cr-hexites and pentites 
one portion of the atoms behaves differently from tht others on substitu- 
tion. This behaviour is clearly shown in the compounds obtained by 
Schultze. 

The present fashion for considering that “ isomorphous mixtures ’’ 
are not chemical compounds is partly due to the influence of Ber- 
thollet®^^, who, starting with the idea that chemical reactions depend 
on the masses present, reached the conclusion that in a compoimd 
consisting of two or more atoms the extent to which the reaction 
proceeds will depend on the number of atoms available, provided that 
no special conditions interfere with the mass-action.®®^ From thfe 
conclusion, Berthollet argued that substances usually enter into 
combination in variable quantities according to the conditions under 
which the reaction occurs. 

Proust opposed this view of Berthollet^ and the difference between 
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tliem was eventually ended by the definite proof of the constancy of 
the combinations. It appeared, however, as if Nature had produced 
both “privileged” (combined in stoichiometrical proportions) and 
“unprivileged” compounds (isomorphous mixtures which are not 
combmed in definite proportions and obey the mass-law of Berthollet) . 

This is not the case ; on the contrary, Nature has formed all definite 
compounds — ^including th4 so-called “mixtures” — according to one 
and the same law. 

The following observations, made by John Hunter, with regard 
to the harmony and obedience to definite laws which are always found 
in Nature are well worth quoting here : 

‘^How often we stumble against what we think are irregularities in 
Nature ! How often we fancy that the chain is bit)ken just because we 
cannot see each link in the chain and because the incompleteness of 
our knowledge prevents our seeing the symmetry of the whole ! When- 
ever it is given to a man to see harmony wh^e previously only discord 
was apparent, or to find a relationship where formerly it was only 
guessed at but could not be proved, then, in my opinion, is it the 
urgent duty of such an one to show the harmony he sees in natural 
phenomena. He should do this for many reasons, not the least 
important of which is that the discovery of such harmony gives us all 
courage to tread the path of Truth. The discovery of new harmony, 
however small, lifts for a moment the shadow which ordinarily over- 
hangs the Truth and hides it from our gaze.” 

These golden words of so great a scientist often recur to the minds 
of the authors of the present volume, when they realise that, at last, 
it has been permitted to them to remove completely the artificial 
division set up by Proust, more than a century ago, when he divided j 

matter into “combinations ” and “dissolutions,” the former including 
definite chemical “ compounds ” and the latter molecular “ combina- 
tions ” in which the proportions appeared to be so irregular as to be 
the sport of chance, i.e. sub|tances which do not appear to obey the 
law of constant proportions. 

Soon after Proust had set up this artificial division (i.e. his system- 
atic classification of matter into compounds and “mixtures ”), Ber- 
thollet ppposed it and asked the following pertinent questions : 

“Wherein shall we peek the rSason wfiy the ^compounds ' are formed 
^ by the uniting of their constituents in constant proportions, whilst in 
‘combinations’ the ration are variable and apparently due to 
chance ? Is t^e force which effects the union of a metal with sulphur 
or oxygen different from that which forms more complex substances 
out of these simpler compounds ? ” ^ 

Prom the nature of these two questions it is clear that Berthollet 
was fully convinced of the essential unity of the natural law involved. 

There is an old philosophical dictum imtura nonfacit aaltum, quoted by 
Darwin in introducing his Theory of Descent, in respect of the Harmony 
which pervades the Cosmos, about which Newton wrote in so illiimin- 
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ating a manner, and regarded by BerthoUet, in his classical Essai de 
statiqne chimie,’’ as applying with equal truth to the world of atoms. 
This idea was so firmly fixed in the mind of BerthoUet that he did not 
hesitate to oppose Proust’s dualistic conception and to insist on the 
unity of the force of chemical attraction. At the same time, it is only 
fair to state that Proust himself recognised something of the truth in 
BerthoUet’s contention when he wrote : “ I do not wish to press this 
matter unduly lest I lose my way in a place which is not too brightly 
iUuminated by facts. The forces which produce both kinds of com- 
pounds may or may not be the same, but it is at least true that the re- 
sults are so different that they must not be grouped indiscriminately, even 
though Nature itself has placed only an indefinite line between them.” 

Since it has been shown in innumerable cases that the law of 
constant proportions — ^which Proust applied to only a limited number 
of substances — ^is capable of indefinite extension since Dalton’s 
discovery of the law of multiple proportions, the statement of Ber- 
thoUet quoted above becomes increasingly important and efforts 
should be made with increasing earnestness to establish the general 
apphcation of the Proust-Dalton law. Even if this cannot yet be 
accomplished because of the many substances, such as glass, colloids, 
etc., which are regarded as solid solutions, it does not prove exceptions 
to natural laws, for no such exceptions can exist ; it is merely the 
incompleteness of chemical theory which prevents the natural laws 
involved from being properly understood or defined so far as these 
apparent exceptions are concerned. 

It is certainly surprising that none of the critics have pointed out 
this advantage of the H.P. theory, and it is even more remarkable 
that AUen and Shepherd should consider it a drawback of the theory. 
Thus, they state in their review of the German edition of this work; 
“An important fact in this connection has been . . . completely 
overlooked. We are now in possession of many facts which show that 
it is never wise to assume that silicates are chemical compounds. For 
instance, to take a weU-kno wn example, the felspars are solid solutions 
and any theory of structure to be complete must show the permanency 
which is characteristic of the properties of true compounds as distinct 
from the maxima and minima of mere groupings.” These critics 
further state that; “The authors never distinguish, and this is most 
important, between purely chemical changes and changes of an 
entirely physical nature.” 

The reply to these statements is that there is no need specially to 
distinguish between chemical compounds and the so-called isomorphous 
mixtures or solid solutions, as the distinction is perfectly clear ! It 
would also have been much better if the critics had quoted at least a 
few of the many facts which show that it is never wise to assume 
that silicates are chemical compounds,” so that the precise value of 
this statement of theirs might be ascertained. As only the felspars are 
mentioned, any criticism must, for the moment, be restricted to these. 
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Now, on studying the structural formulae of the felspars (p. 297) 
carefully, it is easy to see that almost without exception they are 
referable to one type. These formulae also show how various sub- 
stances in other groups of siliceous compounds can be formed from 
the felspars or vice versd ; they indicate the physical relationship of all 
these compounds with reference to crystalline form, optical properties, 
specific gravity, etc. On the other hand, the assumption that felspars 
are solid solutions ’’ explains none of these things. How can Allen 
and Shepherd explain in the light of their theory of solid solution the 
properties of felspars which are described in paragraphs numbered 2, 
3 and 4 on page 298 ? For what reasons should the felspars be treated 
in a different manner from other siKcates and not regarded as definite 
chemical compounds ? Is the force which, in the case of certain 
silicates, forms definite chemical compounds, different from that which 
forms the so-called ‘‘ solid solutions ” from simple silicates ? 

Many fights between chemical dualism and monism have occurred 
in the past and the victory has always been completely in favour of 
moifism. Sooner or later, the dualistic conception of the constitution 
of compounds, which was published by Proust more than a century 
since, will go the way of all other dualistic theories. 

C. The Dependence of the Geometrical Constants on the Side-chains 

It has been repeatedly shown in previous pages (c/. p. 216) that 
the addition of bases, water of constitution’’ or “ water of crystal- 
lisation,” in the form of side-chains to hexites or pentites weakens the 
bond between the units forming the hexites or pentites, whilst their 
removal or splitting off strengthens the bonds. In other words, by 
adding bases in the form of side-chaios, part of the valencies in the 
ring or core is destroyed. According to the S.H.P. theory, this must 
influence the geometrical constants a :b :c and a, ^ and y. Crystallo- 
graphic experiments, previously made, are in agreement with this 
consequence of the theory. 

The influence of the ‘‘ water of crystallisation ” on the crystalline 
form of a compound has long been recognised ; thus, the metallic sul- 
phates with 5 H^O are known to differ m form from those with 7 HgO. 
In this connection a series of uranium-acetates prepared by Rammels- 
berg®^® are interesting. These have the general formula : 



X 
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3 RO • 6 UOa • 9 (gH3CO)aO * aq. 3 RO • 6 UO3 • 9 (CH3C0)20 • aq. 

R = Mg, Zn, Ni, Co, Cd, Ca, Sr, (NH4)2, K^, Ag^. 


Of the possible compounds of this series, Rammelsberg prepared 


the following : 




I. 

3MgO 

a : 6 : c 

• 6 UO 3 • 9 (CHjCO)^© • 12 Et rhombic 0.7468 : 1 : 0.5082 


3MnO 

• 6 UOa • 9 (CH3C0)30 • 12 H 

33 

0.7536 ; 1 : 0.4957 

II. 

3MgO 

•6U0,-9(CH3C0)30- 7ii 

33 

0.8946 ; 1 : 0.9924 


3ZiiO 

• 6 UOa • 9 (CH,C0)30 • 

33 

0.8749 : 1 : 0.9493 


3NiO 

• 6 UOa • 9 (CHaCO)aO • 7 II 

33 

0.8670 : 1 : 0.9500 


3CoO 

• 6 UOa • 9 (CHaCO)aO • 7 IH 

33 

0.8756 : 1 : 0.9484 

ni. 

3MiiO 

• 6 UOa • 9 (CHaCO)aO • 6 H! 

33 

0.6330 : 1 : 0.3942 


3CdO 

• 6 UOa • 9 (CHaCO)aO • 6 H 

33 

0.6289 : 1 : 0.3904 

IV. 

3CaO 

• 6 UOa • 9 (CHaCO)aO • 6 H 

33 

0.9798 : 1 : 0.3865 


3SrO 

• 6 UOa • 9 (CHaCO)aO • 6 H 

33 

1 : 0.3887 

V. 

3 (NH 4 ) 

aO • 6 UOa • 9 (CHaCO)aO 

33 

1 : 0.4708 


3K,0 

3 Ag20 

•6UOa-9(CH,CO)aO 

33 

1 : 1.2830 


• 6 UOa • 9 (CHaCO)aO 

33 

1 : 1:5385 


The results of crystallographic investigations of these urano- 
acetates are in remarkable agreement with the S.H.P. theory. 

The theoretical possibility of two series (A and B) of these urano- 
acetates is confirmed by the existence of two series of compounds 

(III and IV) with 6 H and with a different a :b:c ratio. 

If the series I and II are compared it will be seen that on th.e loss 

of 5 H the c-axis is largely increased, being, in fact, almost doubled. 

A specially interesting example of the change in the geometrical 
constants effected by adding or subtracting side-chains is found in the 
humite series studied by Penfield and Howe, to which attention Las 
been drawn by P. Groth®®^, who assigns to them the following structural 
formulae : * 

Prolektite [SiO J Mg [Mg(F. OH)]* 

Chondrodite [Si04]2Mg8[Mg(F. OH)]* 

Humite ' [Si04]3Mg6[Mg(P. OH)]* 

" Clinq^umite [Si04]J)dg7[Mg(P. OH)]* 

From the composition of these minerals it follows th# each member 
of the series differs from the previous one by Si 04 Mg 2 : The addition 
of this group always effects a definite change in the c-axis whilst the 
parameter a : 6 femains practically unchanged. 

The geometrical constants of these compounds are : 

Prolektite Monocl. prism. 1.0803 : 1 : 3 x 0.6287 90° 0' 
Chondrodite „ „ 1.0863 : 1 : 5 x 0.6289 90° 0' 

Humite Rhomb, bipyr. 1.0802 : 1 : 7 X 0;6291 

Clinohumite Monocl. prism. 1.0803 : 1 : 9 x 0.6288 90° 0' 



There is here a surprising regularity which may be expressed in the 
form of a law ” : the c-axes of these minerals are in the ratio of 
3 : 5 : 7 : 9. 


According to the S.H.P. theory, and assuming the fluorine to be 
replaceable by OH, the formulae of these compciunds are : 

Prolektite 18 MgO • 6 SiOa • 6 HgO 
Chondrodite 15 MgO • 6 SiOa • 3 HgO 
Humite 14 MgO • 6 SiOa • 2 HgO 
Clinohumite 13 MgO • 6 SiOa * 1 J HaO (approx.) 

The structural fprmulse of these compounds will then be : 
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In the compounds of the above series, the addition to or separation of 
MgO only occurs in the direction of the c-axis. It is, therefore, clear 
why only the c-axis undergoes a regular change, the ratio q^ih re- 
maining practically constant. 

Of special iiitetest are the topical parameters suggested by W. 
Muthmann’®^ and F. Becke^®^ for comparing the chemical and crystallo- 
graphic j^roperties of substances. These topical parameters are a 
combination of the crystallographic parameter' with the ’molecular 
volume ; they are derived from the spatial relations of the substances 
concerned and show the relative distances of the molecules from each 
other. . ^ 

W. Muthmanh has determined the topical axial ratios of the 
following salts, to which he assigns the formulae : 

KH,P04 

(mL,)IL,VO, 

KH2ASO4 

NH4H,As04 

and considers that the OK- or OOTEl 4 -groups, the residual 0 atom and 
the OH-groups are attached to the P atoms symmetrically in the chief 
plane of symmetry. 

J. H. van% endeavoured to explain the data obtained by 

W. Muthmann by means of the following structural formula : 

K 

I 

0 

I 

HO— P— OH 

II 


0 


808 CONSEQUENCES OF STEREO-HEXITE-PENTITE THEORY 

in which the vertical line represents the main axis c. The substitution 
of XH 4 for K increases the length of this axis, whilst the substitution 
of As for P effects changes in the dimension in every direction. This 
formula of van’t Hoff’s does not permit the data obtained by Muth- 
mann to be predicted^ nor does it show any relationship between 
analogous phenomena. 

In accordance with the H.P. theory, Muthmann’s formulae should 
be multiplied by 6 , so as to give : 

A. (KH,P04)6 =3K20*6H20-3P,05 

B. (N1IJ1,-P0,), = 3 (MH4)20 • 6 H 2 O • 3 P.Os 

C. (KH2As04)« = 3 K,0 • 6 H,0 * 3 As^Os 

D. (NH4H2As04)6 = 3 (NH4)20 • 6 H^O • 3 As^Os 

In each case the formula represents the minimum molecular weights. 
The structural formulae of the salts should be as follows : It represent- 
ing K or NH 4 , the bonds with dots indicate OK-groups and the bonds 
without dots the OH-groups. 



3 R 2 O • 6 H 2 O • 3 X 2 O 5 

This structural formula permits the following predictions to be 
made : 1 . The space between the molecules must increase or dimi- 

nish in the same or almost the same proportion in aU directions within 
the crystal, if P as a whole is replaced in the ring by .4^ or, conversely. 
Ashy P, as the bond between the vertical and the horizontal axes is 
influenced in the same manner. 2 . The space between the molecules 
can only change in the direction of a single axis, viz. the vertical or 
main axis, if, in a phospho- or arseno-salt, potassium is replaced by 
ammonium or vice versd, as these atoms are attached in the direction 
of the vertical axis. 

It is remarkable how fully the investigations of Muthmaim confirm 
the consequences of the S.H.P. theory. 

According to Muthmaim the space between the molecules is 
increased in all directions in the crystal in almost exact proportion, if 
the phosphorus in the phospho-salts mentioned above is replaced by 
arsenic. The increase is practically the same with ammonium and 
potassium, but if the potassium atom in potassium phosphate or 
arsenate is replaced by an ammonium atom, the centres of gravity of 
the units composing the crystal become more widely separated solely in 
the direction of the main axis. 
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The Structural Formula of Benzene according to the S.H.P. Theory 


From a study of the crystalline form of the benzene derivatiTes, 
P. G-roth®^^ has discovered laws which are reminiscent of the humite, 
phosphate and arsenate series previously described. The crystallo- 
graphic investigation of a series of benzene derivatives has shown that 
there are certain atoms and atomic groups which replace hydrogen in 
benzene and its derivatives whilst only slightly altering the crystalline 
form, so that the form of the new substance may be compared with the 
original one. The change is of such a nature that, e.g. in rhombic sub- 
stances , the ratio of two parameters (a :h) remains almost constant (with 
the small difference which all isomorphous bodies show, as is the case 
with the humite series), whilst only the third axis — the c-axis — 
undergoes a notable change in value. The atomic groups OH and NOg 
act in this manner. It is probable that the substitution of a hydrogen 
atom by these groups in benzene and its derivatives occurs in the 
direction of the c-axis. An energetic reaction accompanies the substitu- 
tion of a hydrogen atom in benzene and its derivatives by Cl, Br and 
CH 3 which systematically changes the crystalline system into a less 
regular one. This may be due to substitution in the direction of the 
or 6 -axis and not in th^t of the c-axis. 

A large number of other examples might he given to show that the 
addition of side-chains to (or their separation from) the molecule results 
in a change in the geometrical constants of crystalline substances. 

In connection with the foregoing arguments a few words respecting 
the structure of benzene according to the S.H.P. theory are of 
interest. 

The structural formula of benzene deduced from the S.H.P. 
theory resembles the diagonal formula of Claus®®®, viz. : 



but one fact deserves prominence : according to the S.H.P. theory 
the six hydrogen atoms in benzene do not all behave alike, J of them 
(on the c-axis) acting differently from the rest (on the a- and 6 -axes). 
This consequence of the S.H.P. theory agrees with Groth’s discovery 

* The reader who wishes to refresh his memoxjr will find an exceUent statement of 
tlie ordinary theories af the canstitution of benzene in " Organio Chemistry,” by W. H. 
Perkin and E. Stanley Kipping, and in most text-books on organic chemistry. — ^A. B, S. 
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that if the hydrogen atoms on the c-axis are substituted only these 
are changed, whereas substitution of the hydrogen atoms in the a- and 6- 
axes is accompanied by a notable change in the system of crystallisa- 
tion. If, on the contrary, all the hydrogen atoms in benzene are 
assumed to be alike, Groth’s discovery becomes inexplicable. 

There is a more direct proof that one-third of the hydrogen or 
carbon in benzene behaves differently from the rest in chemical 
reactions, viz. the results of the investigations of Stohmann®®^ and his 
associates on the heat of combustion of the aromatic compounds and 
their hydration products. These showed that the heat- values change 
continually in the decomposition of di-hydro compounds, whilst the 
increase m energy on the entrance of the first two hydrogen atoms in 
the benzene ring is notably greater ; i.e. one-third of the carbons in 
benzene behave differently from the rest. 

That Kekule’s formula for benzene needs modification is also clear 
from the following : Ladenburg®®^ -the first to point out that 
Kekule’s formula 

CH 


CHj 




iCH 


ch^^ch 

CH 


implies the existence of at least four bi-substitution products.®®^ Of 
these, three are the derivatives at the points (1, 2), (1, 3) and (1, 4), 
including the assumed symmetry of the positions (1, 3) and (1, 5). 
There is also at least one series of derivatives in the position (1, 6), 
as this position is notably different from the position (1, 2) on account 
of the double bond between the carbon atoms in the position (1, 6). 
Claus®® ^ therefore suggested the following formula for benzene : 


CH 


CHi 


CH 


CE\[yGR 

CH 


He argued from this that there are two kinds of valencies in benzene, 
viz. (a) those in compounds produced from the periphery of the 
hexagon, and (b) those formed from the diagonals of the hexagon. 
From this structural formula — ^which resembles that suggested for 
benzene by the S.H.P. theory — ^the existence of only three di- 
substitution products of benzene is explained, and this number is that 
actually found by experiment. 

Another formula which represents the structural formula of benzene 
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in a manner very similar to the S.H.P. theory is the centric formula 
devised by Armstrong*®' and v. Baeyer®*® : 


H 

I 

C 



C — H 
C — H 


H 


which is really a modification of Claus’ formula. Von Baeyer has also 
proposed a centric formula with spatial representation. 

Ladenburg’s 'prism formula 

H 

I 

C 


H — C 


H — C 



C — 
C — 


C 

I 

H 


H 

H 


was one of the first stereo-chemical formulae for benzene. Other stereo- 
chemical formulae have been devised by R. Meyer®*®, Thomsen®*®, 
Sachse®^®, Schmidt®’^, Vaubel®^®, Hermann*’®, Diamant*’^, etc. 

It has frequently been pointed out in the foregoing pages that the 
bond between the units of hexite and pentite radicles is weakened by 
the addition of side-chains (see p. 216, etc.). From this it follows 
that benzene and its derivatives must be more stable than hydro- 
benzene and the hydro-derivatives of benzene. This consequence of 
the theory is confirmed by the facts. The hydro-derivatives of benzene 
have been shown by the investigations of v. Baeyer to differ consider- 
ably from those which are not hydrated. For instance, di- and tetra- 
hydro-derivatives were shown to have a marked olefine character. 
Thus, phthalic acid is completely resistant to potassium permanganate 
solution, but the di-hydrophthalic acids are oxidised by it. The 
benzene nucleus is not sensitive to hydxobromic acid and, oxidising 
agents, but this resistance does not exist in the hydro-benzenes. 

The stability of benzene — ^which has been proved experimentally — 
is in direct contradiction to KekuM’s formula.®’® 

That a close relationship exists between compounds of the aliphatic 
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and aromatic series (c/. p. 270), as may be inferred from the S.H.P. 
theory, has been proved by the work of Schiff Lossen and Zander®'^’, 
Horstmann®^® and BruhP’^. From this it must be seen that the 
formation of hydro-derivatives of olefinic and aromatic compounds is 
analogous. 

D. The Optical Properties of Crystals and the S.H.P. Theory 

The physical properties of crystals are well known®®® to bear a 
very close relationship to their morphological characters. Light, 
heat and electricity operate in complete agreement in crystals, and 
the crystal systems arrange themselves in the same manner. This may 
be used as an argument in favour of grouping according to the optical, 
thermic, magnetic and other properties of crystals. Hence, if the 
optical properties of a crystal are known, it may be stated that each 
geometrical plane of symmetry of a crystal is also a physical one and 
that two crystallographic equivalent directions have also a physical 
relationship.* 

There are, however, exceptions to this rule ; some crystals, for 
instance, are regular and their physical properties indicate no isotropic 
construction. In this connection the optical characters of crystals 
are frequently curious. An interesting example of this is found in the 
alum crystals : as substances which crystallise regularly they should be 
optically isotropic, but Brewster®®^ showed in 1816 that the alums 
have a double refraction. Biot®®^, who has still further studied these 
characteristics of the alums, confirms this view. The double refraction 
of the alums has also been studied by Reusch®®®, E. Mallard®®^, F. 
Klocke®®®, Brauns®®® and other observers. Several explanations have 
been offered to account for their abnormal behaviour. The ordinary 
theory of crystalline structure neither affords an explanation nor does 
it give anything whereon one may be founded. Mallard®®'^ endeavoured 
to explain the anomaly crystaUographically by assuming a special 
structure of the alum crystals, and regarded them as consisting of 
several individuals of lower symmetry than that of the whole crystal. 
Although several mmeralogists have expressed their sympathy with 
this view, others, such as F. Klocke®®®, disagree with it. Klocke 
considered that the optical anomalies of the alums are due to a ‘‘ state 
of tension,’’ but he regards the question as still open; 

No less interestiug is the cause of the rotation of the plane of 
polarised light shown by some crystals ; there is ample reason for re- 
ferring this to the chemical constitution of the crystals. This hypo- 

* Von. Federow has recently prepared a Table, comprising no less than 10,000 
substances, the crystals of which have been adequately measured by skiUed crystallo- 
graphers. By means of this Table, von Federow declares it is possible to identify any 
rabstance included in it when the cjystals have been properly measured. The Table 
is not available for general use, but in the hands of Prof. Federow it has proved very 
successful. A brief account of Federow’s theory is given in Tutton’s “ Crystallography 
and Practical Crystal Measurement ” (Macmillan). — ^A. B. S. 
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thesis is confirmed by the enantiomorphism of the circular polarising 
substances. 

[Enantiomorplious crystals are those which have the same relation, to each other 
as an object has to its mirror-image, as will be seen by holding the sketch of crystal I 
before a mirror, when the darkened faces, a, 6, will appear as in the sketch in crystal 11 
viewed directly, and vice versd,] 



Enantiomorphous Crystals. 

As early as 1848, Pasteur®®^, in studying optically active tartaric acid 
and the optically inactive racemic acid, discovered this relationship 
between crystalline form and optical activity. Groth also regards 
optical activity as entirely due to the structure of the smallest particles 
of circular polarising crystals. He considers that if this optical 
property is characteristic of the crystal molecule itself, the solution 
must be saturated in order to produce optical rotation; as, unless the 
particles in solution have a complexity comparable to that of the 
crystalline molecules, no separation of the substance in a crystalline 
state can possibly occur. With many substances, however, this is not 
the case ; for instance, solutions of sodium chlorate show no optical 
rotation, but only those crystals whose forms are such that they are 
mirror-images of each other. 

An apparently complete proof of this view is found in the interesting 
observation of Reusch®^® on the production of circular polarisation in 
mica plates. According to Reusch, if a large number (12-36) of 
uniform thin plates of bi-axial mica are laid one above another so that 
the plane of the (vertical) optical axis of each plate is turned to the 
right through an angle of 120° with respect to the plate below it, this 
combination of plates turns the plane of polarisation of a vertical 
beam of light to the right, the combination behaving, in a polarisation 
apparatus, in a manner similar to a plate of dextro-rotatory quartz cut 
vertically to the axis. If the mica plates are turned through an angle 
of 120° in the opposite direction, the combination is laevo-rotatory. 

Pasteur^s discovery respecting the crystalline forms of optically 
active tartaric acid and the inactive racemic acid, the fact that some 
substances only show circular polarisation eflEects when in th^ solid 
state, and the property of the mica sheets discovered by Reusch, all 
show that there is undoubtedly a relationship existing between optical 
activity and the structure of crystals, though it has not yet been 
proved that optical activity is entirely produced by the peculiar struc- 
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ture of such crystals. The fact^ pointed out hy Groth, that some 
substances only rotate the plane of polarisation when in the solid 
form, is not a complete proof, as on entering into solution equivalent 
amounts of laevo- and dextro-rotatory substances may be formed and 
so make the solution inactive. As a matter of fact, Groth has found 
that a solution of NaClOs in which laevo- and dextro-rotatory crystals 
of this substance are dissolved, can deposit both laevo- and dextro- 
rotatory crystals. 

If the optical activity is entirely conditioned by the peculiar crystal- 
line form of some substances, enantiomorphous crystals, such as the 
regular tetrahedric or trapezoidal hemihedric substances, should 
necessarily have the power of circular polarisation. This is not the 
case. For instance, L. Wulfi®^^ has shown that lead, barium and 
strontium nitrates, in spite of the regular tetrahedric form of their 
crystals, i.e. their enantiomorphous constitution, have no effect on 
the plane of polarisation either in the solid or dissolved state. A 
further series of substances whose crystalline form is that of the 
trapezoidal hemihedric substances did not show any optical activity 
when examined by Wulff. This fact implies that the cause of the 
property of circular polarisation must be dependent on the chemical 
constitution of the crystal nuclei, quite apart from the physical 
structure of the crystal ; optically active substances must not only be 
enantiomorphous, but must have a definite chemical structure. For 
instance, lead, barium and strontium nitrates are truly enantiomor- 
phous, but they do not possess the structure of optically active sub- 
stances and they are, therefore, optically inactive. Hence it is neces- 
sary to enquire what chemical structure is essential to render enantio- 
morphous substances optically active. 

It is probable that the optical anomalies of some regularly crystal- 
lisable substances are of a constitutional nature, and if the chemical 
factors, such as those which cause the optical abnormalities of the 
alums, could be discovered, it is not improbable that these factors 
would be the causes of circular polarisation. 

The follovPTOg facts show that chemical structure has an undoubted 
influence on the optical properties of crystals : 

Mallard, in his studies of the zeolites, has observed that, on pro- 
longed heating, these slowly change their optical properties in con- 
sequence of the steady loss of their water of crystallisation, i.e. by 
changes in the side-chains, until finally the crystal has the properties 
of the anhydrous substance. This condition continues if a re- 
absorption of water is prevented, as by embedding in Canada balsam; 
but if the temperature reached has not been excessive and the crystal 
is allowed to cool in moist air it will regain its water almost completely, 
and, simultaneously with this, its optical properties. In this way 
Mallard has found a direct proof for the dependence of the optical 
characters on the chemical constitution. 

In the case of circularising substances, it is noteworthy that Le 
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and van’t discovered, almost simultaneously, the fact 

that all organic compounds which rotate the plane of polaxisation of 
light contain asymmetric carbon atoms, i.e. carbon atoms in which 
each of the four valencies is saturated with a different group of atoms. 
As it has been observed that all organic substances which are optically 
active contain one or more asymmetric carbon atoms, it appears 
probable that the source of optical anomalies and of circular polarisa- 
tion may be due to this asymmetry or to an asymmetrical substitution 
of the side-chains or of the hexite and pentite in some substances. 
From this it follows that a potash alum of the structural formula 


nil \ llll 



3 K,0 • 12 H,0 • 3 Al,Oa • 12 SO, • 10 ± 

will have a normal optical behaviour, i.e. it must be isotropic. If, 
however, part of the potassium is replaced by sodium, lithium or a 
similar metal, or if part of the aluminium is replaced by Fe'", Or'", 
Mn'", etc., or if part of the sulphur is replaced asymmetrically by 
selenium, the crystalline form remaining unchanged, i.e. regular, these 
substances will be optically anisotropic. 

In an analogous maimer the source of circular polarisation may he 
considered as due to the chemical structure of enantiomorphous 
substances. 

It is not surprising that Brauns®®^ has shown experimentally that, 
as a matter of fact, the pure alums are optically isotropic, but the 
mixed ones are double refracting, i.e. anisotropic. According to 
Brauns, all crystals of pure potash-alumina-alum and ammonia- 
alumina-alum are optically isotropic, but thoso crystals which are 
produced from solutions of the mixed substances are optically different 
and show a double refraction. Crystals obtained from a solution 
containing equal weights of ammonia- and potash-alum show, according 
to Brauns, a very strong double refraction, are full of irifegular cracks, 
and, on removing them from the solution, they fall to pieces. On 
representing the structure of such an alum by 

A /V 

ill 1 nil 

llll I iia 

V V V 

the NH 4 -groups being marked -f and the potassium atoms • its 
asymmetric structure is clear and the abnormal optical behaviour 
of this alum, the irregular cracks in it, and the falling to pieces of the 
crystals on removing them from the solution are rendered explicable. 
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It is noteworthy that Brauns has observed faint circular polarisa- 
tion phenomena, in consequence of which it , is highly probable that 
such asymmetric substitution is the cause of the optical activity of a 
number of enantiomorphous substances. As a matter of fact, the 
micas from which Reusch built his optically active compounds are 
silicates in which both the side-chains and the aluminium hexites and 
pentites are composed of different constituents which are often 
asymmetrically arranged in the molecule (see Micas ” in Appendix), 

Some substances, such as quartz, are optically active and, without 
exception, possess enantiomorphous crystalline forms. Their structural 
formulse, as derived from ultimate analyses and other studies, must be 
asymmetric if this theory of circular polarisation is correct and of 
general application. 

The Bravais-Frankenheim theory of crystalline structure does not 
indicate the enantiomorphous forms. Sohncke sought for the source 
of optical rotation of some crystals and of the appearance of these in 
enantiomorphous forms m an inner structure of the same, which is 
similar to Reusch’s mica arrangement. The theory of crystalline 
structure may be enlarged in this direction. The optically active 
crystals consist, according to him, of step-like lamellae which are 
optically bi-axial and do not show double refraction in the axis of 
rotation, but show circular polarisation effects. 

The S.H.P. theory may also be enlarged in the same sense. The 
units may be so arranged that a series of double pyramids (see P and 
P', pp. 286 and 287) P, P^ P", P'" . . . with the surfaces ABDE, 
A'B'D'E', A"B"D"E" . . . are produced. These double pyramids 
P,P',P'' . . . have^xesAD, A'D',A"D" . . . BE, B'E', B"E" . .. 
and are so placed that each of their axes in the base forms an angle of 
120"^ in the direction of the movement of the hands of a clock, or 
vice verm with the corresponding axes of the next base, i.e. AD with 
A'D', A'D' with A"D", A"D" with A"'D'". In the first case dextro-, 
and in the second laevo-rotatory crystals are produced, provided that 
the crystals are also chemically asymmetric. 

The S.H.P. theory thus provides a single explanation for the cause 
of circular polarisation in both organic and inorganic compounds. 

EL The Dependence of the Geometrical Constants on the Temperature 

The bonds between the nuclei of the radicles (i.e. the hexites and 
pentites) and between the radicles and the side-chains are loosened by 
the addition of bases, water of constitution and of crystallisation and 
on raising the temperature. Hence, on altering the temperature the 
geometric constants must be influenced, as they have a close relation- 
ship to the valency-forces. The consequence of the theory is also 
confirmed by the facts. 

Mitscherlich®®®, G. Rose®®®, F. de Filippi®®’, Frankenhetm®®® aiid 
others have shown that when aragonite is heated to a suitatte 
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temperature it is converted into calcspar. Hauy®®^ has also observed 
that on heating aragonite to a dull red heat it falls to powder, and 
Haidinger'^®® represented this process as a conversion of aragonite 
into calcspar. G. Eose’°^ has shown that calcite and also aragonite are 
formed from warm solutions of CaCOa and that, at higher temperatures, 
only calcite is formed. 0. Klein’® 2 made the interesting observa- 

tion that a plate cut from aragonite in a direction vertical to the 
principal axis becomes optically monoaxial and has a negative double 
refraction when heated, i.e. the plate assumes the characteristic 
properties of calcspar when warmed. 

The changes of the crystalline forms of substances on raising their 
temperature has been observed in numerous cases by O. Lehmann’®®, 
who has examined two groups of polymerised substances, of which : 

1. The members of one group are converted, with absorption of 
heat, into another modification ; on cooling, the original form (en- 
antiotropic modification) is reproduced and heat is evolved. 

2. The members of the other group are stable and labile modifica- 
tions which differ from the enantiotropic substances and are not 
converted into other forms on alteration of the temperature. 

F. Molecular Volumes and the S.H.P. Theory 

It follows from the S.H.P. theory that the molecular volumes of 
analogously constituted substances cannot be identical, as the affinities 
between the various nuclei must differ from each other. 

An interesting confirmation of this consequence of the theory is 
found in the results of investigations of the molecular volumes of a 
series of alums by 0. Petterson’®^, which are shown in the following 
Table : 


Sulphate Alums | 

Mol. 

Vols. 

Selenate Alums 

Mol. 

Vols. 

Differ. 

between 

Vols. 


10 H 

641.6 

K»,H»j(Se-A-§e) 

10 :t 

668.0 

26.4 


10 fi: 

652.2 

(NH,)JH?,(Se-Al-§e) • 

10 & 

678.6 

26.4 . 


10 

651.0 

RbJH»«(le-Al-l^e) 

10 It 

676.2 

25.2 

C8SHg«(S-Al-§) 

10 It 

669.2 

CsSH®.(Se-Al-§e) 

10 & 

696.6 

26.4 


10 H 

642.2 

KSH?«(te-Al-^e) 

10 & 

671.0 

28.8 

(NH,)JHO(S-&-S) • 

10 

653.6 

(NH,)»Hg.(§e-Al-Se) • 

10 

677.4 

23.8 

RbgHo^jS-d-S) 

10 

654.6 

BbgHS4(§e-!^-'le) 

10 It 

676.8 

22.2 

Tijns^ca-dr-^) 

10 

654.2 

TlSH|4(i&-Al-§e) 

10 fit 

676.6 

22.4 


From this Table it may be seen that not only are the molecular 
volumes of different alums not identical, but that there is a striking 
regularity in the difference in the molecular volumes caused by the 
substitution of selenium for sulphur. 


Summaiy and Conclusions 

I N the foxegoing pages an attempt has been made to obtain a glance at 
the structure of the silicon compounds . After a critical examination 
of existing theories which have been proposed for the representation of 
the structure of the aluminosilicates and the silicates generally , it has 
heen found that the conception of the aluminosilicates as complex 
acids or salts of complex acids agrees best with the facts. The 
reactions of the aluminosilicates can only be understood if^ both 
alumina and silica are regarded as playing similar roles in the silicates, 
i.e. the roles of acids. A number of properties appear, however, to 
contradict the theory of the aluminosilicates as complex compounds, 
and this conception does not enable any systematic arrangement to 
be made of all the aluminosilicates in spite of the undoubted genetic 
relationship between them. 

It is veiy surprising that scarcely any of the critics of the German 
edition of this work have paid any attention to the main thesis that 
the silicates, or more correctly the aluminosilicates, should be classed 
with the complex acids. Yet it is stated q[uite definitely on page 30 : 

It is, however, not improbable that these objections (i.e. to the sixth 
hypothesis) are only a^jurent, and that they would be completely 
overcome if the manner in which the atoms in the anhydrides of the 
aluminosilicates are bound to each other were known. By the use of a 
suitable hypothesis for the structure of these anhydrides a confirmation 
of th^ statement may be found. The authors of this present volume 
have actually formulated such a hypothesis, and its nature and the 
conclusions to be drawn from it form the subject-matter of the following 
pages.’* 

On page 62 it is stated that : “The conclusion has already (see pp. 
22 and 26) heen reached that, of all the theories devised for showing 
the constitution of the aluminosilicates, the one which agrees best 
with the facts is that which assumes that these compounds are complex 
acids and the corresponding salts.*’ 

On page 63 it is stated that : “The conception of the alumino- 
sihcates as complex acids thus agrees excellently with the experi- 
mental results.*’ 

On pages 79—102 it is shown that the molybdenum and tungsten 
complexes, i.e. the complex acids and their salts, are par excellence true 
analogues of the aluminosilicates and agree perfectly with structural 
formulae which are fully analogous to those used for the alumino- 
silicates. 
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The foregoing quotations, and the present work as a whole, show 
clearly that, quite apart from the hexite-pentite theory, the view that 
aluminosilicates are complex acids and salts is the foundation on which 
a knowledge of the constitution of these substances must be based. 
Yet this fact, as already remarked, does not appear to have been 
noticed by a single critic. Thus, in a review by J, J. P.’®® it is stated 
that : “The conception of hexite and pentite radicles (ring-compounds 
with 5 or 6 Al- or Si-atoms and a number of 0-atoms) is the foundation 
of a systematic study of the silicates.” ^ 

Stremme^®^ commences with the view that the hexite-pentite 
theory is the sole foundation of the present volume, and then reaches 
the remarkable conclusion that the chief difficulty in mineral chemistry 
— ^the explanation of the extraordinarily great variations in the com- 
position of the silicates — ^becomes “playfully easy,” “it is only 
necessary to introduce new hexite and pentite groups into existing 
combinations.” He then stated that : “ In not a single case is it shown 
that even one silicate must necessarily contain a hexite or pentite 
group.” 

In reply to this criticism, which completely overlooks the complex 
nature of the aluminosilicates, it may be well to remark that the H.P. 
structural formulae of the aluminosilicates have been devised in 
accordance with definite rules, and in no case have “ new hexites or 
pentites ” been introduced in a haphazard manner. The proof that 
the aluminosilicates have the constitution indicated by the HP. 
theory (i.e. that they contain hexites or pentites of silicon and 
aluminium which are arranged in accordance with definite laws) has 
been published in the customary scientific manner, as everyone who will 
read it impartially must admit. The theoretically possible formulae 
were first set down, and the consequences deducible from them were 
then compared with the available experimental evidence. Stremme 
terms this “ not proved,” and his contention might be sound if the 
experimental evidence did not agree with the logical conclusions from 
the theory. As a matter of fact, the agreement is remarkably close. 
If Stremme or any other critic can find a better method of testing a 
theory than the one adopted in the present volume, he would render 
an inestimable service to mankind if he would publish it. 

The method adopted by this critic to show the “ worthlessness ” 
of the H.P. theory could be easily used to upset the most firmly- 
established theories. Por example, on what foundations are the atomic 
theory, the benzene theory and the theory of dissociation based ? 
Surely they have been accepted as the result of entirely analogous 
methods of argument to those used in the present volume 1 

C. H. Desch^^® has overlooked the fact that the main foundation of 
this exposition of the constitution of alummosilicates is the fact of 
their complex nature, inasmuch as he states that “ the felspars, the 
hardening of cements, the hydration of zeolites . . . are dealt with 
exclusively from a structural chemical point of view.” 
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A further criticism of Desch’s views will be found on reference to 
the Name Index. 

Allen and Shepherd’®’ also appear to have completely overlooked 
the fact that the complex nature of the aluminosilicates is the essential 
basis of the constitution attributed to them by the authors of the H.P. 
theory^ and it appears strange to them that the structure of the complex 
compounds of tungsten, vanadium and molybdenum should also be 
described in the present volume. It is, nevertheless, very remarkable 
that Allen and Shepherd have overlooked this fact, or even that they 
could overlook it, as they specifically refer to “an excellent review of 
previous theories of the structure of silicates and a proof of their 
insufficiency ’’ contained in the present work. Yet in this review it 
is clearly shown that the starting point of any theory of alumino- 
silicates must be based on their complex nature. It is the neglect of 
this which leads Allen and Shepherd to oppose the application of 
the new theory to Portland cements. If they had only seen that the 
aluminosilicates are complex acids or the corresponding salts, they 
must have realised the a priori probability of the existence of highly 
basic calcium aluminosilicates, i.e. they must have reached a concep- 
tion of the constitution of Portland cements which agrees with the one 
herein pubhshed. If a theory shows the possible existence of these 
substances, and all their properties agree with the structural formulae 
which are based on the theory, there is no reason to doubt the correct- 
ness of the constitutions thus formulated. 

Manchot”®, alone of all the critics, refers to the complex nature of 
the aluminosilicates. From his statement — “It is in any case worth 
consideration whether it can be proved that among the silicates as in 
other branches of chemistry the number 6 plays so special a part ” — 
it foUows that he considers that the new theory cannot in any way be 
regarded as properly supported by facts. This critic should, however, 
state, at the earliest opportunity, how large must be the mass of facts 
in support of a theory before he would consider that theory established. 
If his attitude in his own researches may be regarded as satisfactory 
to himself, he will doubtless be interested to refer to an investigation he 
made % 1905 into the constitution of silicides and published in the 
“Annalfen der Chemie,” 1905, 3^^, 356-363. In this instance this 
investigator did not hesitate to state that these compounds form 
hexites, notwithstanding that he had only a single fact upon which to 
rely for his conclusion, viz. the behaviour of these substances towards 
hydrofluoric acid. Yet when he comes to review the German edition 
of the present work, he considers that the innumerable facts and the 
whole mass of available experimental evidence are not sufficient to’ 
establish the hexite formation of the silicates ! The number and 
importance of these facts and the manner in which this critic uses his 
own experimental results in criticising the constitutional formulae of 
the silicates— quietly passing over m silence those which may happen to 
agree with the theory he is criticising — ^is highly significant (see p* 273). 
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The H.P. theory is the first one enabling structural formulae to be 
devised in agreement with the conception of the aluminosilicates as 
complex compounds, which is free from the drawbacks of the 
earlier theories, is capable of being used in the systematic arrange- 
ment of all the silicates and also enables a series of properties 
of the aluminosilicates to be predicted a 'priori^ which have, so 
far as they have been investigated experimentally, been fully con- 
firmed. 

Thus the structural formulae of the silicates devised by means of 
the H.P. theory have led to the remarkable prediction that all the 
aluminium and silicon atoms in the aluminosilicates will not behave 
exactly ahke when examined chemically and physio-chemically, and 
that atoms occupying certain positions in the molecule will behave 
differently from the rest. This consequence of the theory is fully 
confirmed by the available experimental material, and particularly 
by the work of Thugutt, Silber and others. 

The agreement between the minimum molecular weights which 
may be inferred from the H.P. theory and those found experimentally 
is also important, particularly as regards the results obtained by 
Thugutt on a series of aluminosilicates such as orthoclase, nephehne, 
and the sodalites. 

Considerable importance also attaches to that consequence of the 
H.P. theory which states that chemical compounds may contain 
various kinds of combined water — “water of constitution and 
“ water of crystallisation ’’ — ^the first being acid- water and the second 
basic-water, and to the agreement of this consequence with the 
facts ascertained experimentally — such as Clarke’s studies of the 
zeolites. 

The H.P. theory is not only applicable to the representation of the 
structure of the aluminosilicates, but to the complex acids generally. 
According to the investigations of Gibbs, Blomstrand, Pechard, 
Parmentier, Kehrmann, Friedheim and others, complex acids are 
produced by the union of one acid with another, e.g. of molybdic 
acid with vanadic, phosphoric, antimonic or arsenic acid ; and of 
aluminic acid with phosphoric, vanadic, molybdic, sulphuric or 
tungstic acid. By means of the H.P. theory the structure of all the 
various complex acids and their salts can be shown on a priori grounds. 
This theory also shows that a genetic relationship must exist between 
the various complex acids of the same class, e.g. between all the 
aluminosilicates, all the aluminophosphates, all the aluminosulphates, 
and between all the salts of the complex acids of the same class. As a 
matter of fact, such a relationship does exist, as may be seen on 
examination of the available experimental results. 

It is specially important to observe the fact that the addition of a 
basic or other side-chain weakens the bonds of the nucleus, and that 
the most stable types of the complex acids are those in which the ratio 
of the acid-forming atoms is 1 : 1 ; thus, the most stable aluminosilicates 
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are those with a ratio of AI2O3 : Si02=l : 2; the most stable vanado- 
tungstates are those in which VgOs : W03=l : 2. 

The H.P. theory is also of value in ascertaining the constitution of 
several aluminosilicates of great technical importance, such as clays > 
ultramarines, Portland cements, slag cements, porcelain cements, etc. 
The clays are of great technical value because they are a raw material 
used in the production of pottery, cement, ultramarines, etc., and 
they are also of great theoretical importance because they constitute 
some of the various aluminosilicic acids whose existence may be inferred 
from the H.P. theory. The behaviour of clays towards strong acids 
(the so-called ‘‘ rational analysis ”), the cause of the plasticity of clays 
and the changes which occur on burning may all be explained by 
means of the H.P. theory. Innumerable investigations have been 
made in order to ascertain the constitution of the ultramarines. The 
H.P. theory supplies a hypothesis from which the structure of the 
whole of the theoretically possible substances of the ultramarine class 
may be derived ; a large number of these compounds are already 
known to exist. On the other hand, no ultramarines have yet been 
found which, according to the theory, are theoretically impossible 
(such as those in which AlgOg : Si02=l : 6). The ultramarine theory, 
based on the more general H.P. theory, is in entire agreement with the 
experimental results of the valuable work of Hoffmann, Heumann, 
Philipp, SzUasi, Gmelin and others. The experimental work of 
Guckelberger on the minimum molecular weight of some ultra- 
marines is in remarkable agreement with the H.P. theory and is fully 
confirmatory of the theoretical inferences from it. 

Innumerable attempts have also been made to ascertain the 
structure of Portland, slag, porcelam and other silicate cements and 
especially to explain the reactions which occur during the hardenmg 
of these cements. These and other problems find a clear and simple 
solution when once the structure of the silicates has been ascertained 
by means of a suitable theory. As a matter of fact, the H.P. 
theory has led to conceptions of the structure of cements which 
not only agree with experimental observations, but also permit 
of very full prognostications in regard to the possibility of solving 
the great problem of the use of cement in sea-water and coastal 
masonry. 

The new H.P. theory has proved to be of special value in ascertain- 
ing the structure of the porcelain (dental) cements, i.e. those compounds 
which are both theoretically and practically important on account of 
their extended use in dentistry. 

The poisonous action of some of these cements has been studied, 
and the H.P. theory shows which portion of these cements has a toxic 
action and it indicates how their poisonous nature may be destroyed 
and the cements rendered quite harmless. To solve this obviously 
physiological chemical problem it is necessary to study the toxines 
generally in order to ascertain the nature of their actions and the 
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causes of the poisoning. Ehrlich's theory of the toxines on the one 
hand and the H.P. theory on the other combine to solve the problem 
of the poisonous nature of many porcelain cements and show clearly 
which of the available cements are toxic, or at least risky, and which 
are harmless. 

The aluminosilicates, generally speaking, cannot be satisfactorily 
studied because of their great resistance to reagents, few of the ordinary 
methods of investigation being available. Yet, by means of the H.P. 
theory, it is possible to produce a theory of such general application 
that, with the aid of modern methods of investigation, the constitution 
of all the silicates may be ascertained. For instance, the results of 
physical and chemical researches on the silico-molybdates by 
W, Asch are in complete agreement with the H.P. theory. This 
agreement between the facts and theory is very striking in the 
case of the alums and chromo-sulphuric acids which have been 
specially studied in a chemico-physical manner by Recoura and 
Whitney. 

There can be no doubt that Nature has formed all substances 
according to monistic laws. Hence the probability of the H.P. theory 
being extended so as to make it applicable as a general chemical 
theory. 

An attempt thus to enlarge the scope of the H.P. theory, though 
made on only a small scale, has led to a new theory of acids, new views 
on the constitution of solutions and new views of the structure of 
carbon confounds. 

The H.P. theory itself does not take cognisance of the fact that 
atoms exist in space; consequently it required extension and com- 
bination with the modern theory of the structure of crystals in order 
to convert it into a generalstereo-chemical theory. This has been accom- 
plished to the extent that, by means of the “ hexite-pentite law " 
(p. 289), the stereo-hexite-pentite theory (abbreviated to “S.H.P." 
theory) is capable of development into a general theory of chemical 
compounds. The S.H.P. theory has proved to be of great value ; it 
helps to explain many puzzling properties of crystals, confirms Hauy's 
law of relationship between crystalline form and chemical composition, 
permits the prediction Of isomers of chemically allied substances 
(Mitscherlich) and solves the problem of the structure of the so- 
called isomorphous mixtures. Thus, the H.P. theory may be compared 
to a bridge between the realms of organic and inorganic chemistry, 
and the S.H.P. theory to an indivisible bond between chemistry and 
the allied sciences of physics and crystallography. 

The S.H.P. theory appears to be particularly valuable when 
it is compared with existing theories of the constitution of 
chemical compounds. It is then seen that many modern theories 
are, in a sense, only portions of the new theory and miy be inferred 
from it. 

In a review of the German edition of the present work by Stremme’®’ 
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the following remark occurs : “In short, an attempt is made to 
develop a Chemistry of Silicon corresponding to that of Carbon such 
as has so frequently been attempted by others.’’ As a matter of fact, 
the view that Nature forms substances in accordance with monistic 
laws, permits many applications of the results of the study of organic 
compounds (including their structural formulae) to inorganic substances. 
The critic must therefore ascertain what beneficial results (if any) have 
resulted from the present investigation and whether previous investiga- 
tions are completely analogous to it. He is compelled to deny the 
analogy if he compares the results of this investigation with previous 
ones. In order to show this more clearly, two investigations of the 
relationship between the compounds of silicon and carbon, both of 
great importance to a study of the structure of silicates, may here be 

critically examined, viz. that of A. Safaf'ik’®® and that of W. Ver- 
nadsky’®^. 

A. Safafik has endeavoured to find a complete analogy between 
silicates and organic compounds and has assumed that the silicates are 
open or closed ring-compounds such as are found in the aliphatic and 
aromatic compounds of carbon. This analogy between silicon and 
carbon, the former being a constituent of the inorganic crust of the 
earth and the latter the foundation of all organic nature, “ thus 
assumes a new and deeper significance.” In addition to this 

analogy there is, according to Safafik, a difference between the 
compounds of silicon and carbon inasmuch as in the silicates silicon 
is bound to silicon through oxygen and the polyvalent metals, whilst 
in the organic compounds there is a direct bond between carbon and 
carbon. 

A. 

A glance at Safafik’s formula shows at once that it differs greatly 
fixjm those derived from the H-P. theory. The necessary explanatory 

support is lacking for Safafik’s theory of the silicates, and for f.hia 
reason it cannot be applied to the silicates as a whole. An important 
di^vantage of his structural formula is due to the fact that 
it is not based on any natural law and that it contains a dualism, 
the origin of wMch may be found in the present dualistie con- 
ception of oi^anic chemistry, viz. the division of organic compounds 
into an aliphatic and an aromatic series. The result is that 
this theory,^notwithstandmg its derivation from organic chemistry, 

has not led Safafik very far. The poor result which he has obtained 
in applying organic theories to inorganic compounds caused Safafik to 
make the foUowing remarks : “ The most natural means of bringing 
morgame chei^try into unison with the fundamental theories o‘f thi 
presmt time is that which has led to such remarkably successful 
results m organic chemistry ; each single element must be examined 
m such a m^er as has been the case with carbon or, as Erlenmeyer 
so pregnantly observed, we must have as many chemistries as there 
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are elements. To attempt this work would be to commence a task of 
incredible magnitude.” 

From these words it is clear how little satisfaction Safai^ik obtained 
from his researches, and the authors of the present volume are equally 
unable to accept the view that the problems of the structure of chemical 
compounds can ever be solved by simply studying the elements in a 
systematic manner. They incline more to the opinion that if the 
present conception of the structure of organic compounds cannot be 
applied to inorganic substances, then this very inapplicability is the 
best proof that the generally accepted theory of organic structures is 
not so devoid of objection that it cannot, with advantage, be modified. 
The possibility or otherwise of applying a theory which appears to be 
satisfactory for one element to others is one of the best tests of the 
value of such a theory. 

W. Vernadsky has also endeavoured to devise structural formulae 
for silicates which bear some resemblance to those of organic chemistry. 
He assumed the existence of two radicles in aluminosilicates : one 
with an open or chlorite ring and the other with a closed or cychc 
chain (mica ring). The constitution of these rings is shown by the 


following formulae : 
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j According to Vernadsky these rings remain unaltered in most 

i chemical reactions, this property being highly characteristic of the 

I aluminosilicates. The compounds with a mica ring are, according 

to’ this investigator, much more strongly characterised than minerals 
with a chlorite ring. 

As the durability of the rings is characteristic of cyclic chemical 
■j compounds, and experience m organic chemistry shows that this 

! durability is exceptionally high m heterocyclic compounds, Vernadsky 

j considered that it might be assumed that minerals containing 

mica contain heterocyclic rings, i.e. rings composed of several 
I elements. 

I Vernadsky has had no specially satisfactory results from this 
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theory because, as he himself admits, it is necessary to limit the applica- 
tion of the theory to the simplest and best known compounds, and 
because he persistently adheres to an entirely unnecessary dualism, 
inasmuch as he divides silicates into two groups : one containing those 
which are undoubtedly chemical compounds and the other comprising 
the so-called physical combinations. Vernadsky’s theory is thus 
inapplicable as a general theory of silicates and also as a monistic 
chemical theory of general application. 

This short statement with regard to important attempts to apply 
the theories current in organic chemistry to the elucidation of in- 
organic structures must suffice to show that there is no parallel 
between such an application of existing theories and the H.P. theory 
developed in the present volume. Hence, before the H.P. theory can be 
discarded or regarded as of no importance, those who criticise it must 
disprove the statements made and must show that a still larger number 
of facts can be fairly used in support of a new theory which, so far as 
those concerned with the writing and translation of the present volume 
are aware, has not yet been published. The ineffectiveness of all the 
noteworthy existing theories has, it is believed, been conclusively 
shown in the foregoing pages. 

The H.P. theory leads — by quite different means from those hitherto 
used — ^to the ‘‘ benzene-ring theory ” which has proved so advantage- 
ous in studying the constitution and properties of carbon compounds. 
It is scarcely necessary to state that Werner’s co-ordination law is, in 
some respects, a part of the S.H.P. theory. If o=r6=c=l and 
a=y8=y=90®, this produces Werner’s octohedron, to the corners of 
which are attached the molecules of various metal ammonias and 
allied substances. It is a strong confirmation of the S.H.P. theory 
that Werner’s co-ordination law has solved a number of puzzling 
problems in connection with the metal ammonias and allied substances, 
that its inferences have been fully confirmed by experiment, and that 
Werner’s theory has proved of value in the development of a system- 
atic arrangement of the compounds concerned. 

Arrhenius’ ‘‘Dissociation Hypothesis,” van’t Hoff’s “Theory of 
Solutions,” and the Kinetic Theory of Gases are all, in a certain 
sense, capable of being regarded as consequences of the S.H.P. 
theory. 

It is particularly important to note that, by the combination of the 
S.H.P. theory with the modern theory of the structure of crystals, a 
great step towards the object of all investigation has been made, and 
some approach has been effected to the time when it will be possible 
to show the true relationship between crystalline form and chemical 
composition. This object "v^l, clearly, be attained as soon as it is 
possible to ascertain the exact relationship between the geometrical 
constants (a:b:c and a, ^ and y) and the chemical constants, and to 
predict both from the structural formula. 

De Bois-Reymond’®^ has no doubt that these problems will be 
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solved as soon as structural chemistry and crystallography unite, and 
he has written the following : “We see, in imagination. Structural 
Chemistry reaching out her hand to Crystallography ; we see the 
atoms with their measured valencies filling spaces of definite 
shapes, and forming the tools employed in building crystals/’ 
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g4, 129 ; Devoir, Rec. des trav. chim. des Pays-Bas 1886, 59 ; Parsons, Deutsche 
TOpfer- u. Ziegler-Ztg. 1888, 585 ; Masson, Joum. Amer. Chem. Soc. j 6, 733 ; Rebbufat, 
Tonind.-Ztg. 1899, 782, 823, 883, 900 ; 25. Ox-blood : Mason, Joum. Amer. Chem. 
Soc. j 6, 733. 279, Schuliatschenko, Dingl. Polyt. Joum. 294, 355. 280, Michaelis, 

Tonind. -Ztg. 1900, 860. 281, Jordis u. Kanter, Zeitschr. f. angew. Chem. 1903, 462-8, 
485-92; Hardt, Tonind.-Ztg. 1900, 1674. 282, Jordis u. Kanter, Z. c. 283, Heldt, 

Studien liber die Zemente, Joum. f. prakt. Chem. 1865, 207. 284, Schuliatschenko, 

Tonind. -Ztg. 1901, 25, 1050, 1053. 284a, The cause of setting is said to be the formation 
of aluminates, and that of hardening to be the production of certain silicatesy by Michel, 
Joum. f, prakt. Chem. 1886, 33, 548 ; A. Meyer, Bull. Boucarest 1901, Nr. 6. On ha/rden- 
ingy the following silicates are formed : 1. CaO * Si02 * HgO according to Le Chatelier, 
Bull, de la soc. chim. 1885, 42, 82 ; Jex, Tonind.-Ztg. 1900, 1856-1919 ; A. Meyer, 
Bull. Boucarest 1901, Nr. 6 ; Zulkowski, Broschiire 1901 ; 2. 4 CaO • 3 Si02 * H2O 
according to Daudrin, Compt. rend. 1883, 96, 156, 379, 841, 1229 ; 3. 5 CaO • 3 SiOa 

• H2O according to Michaelis, Joum. f. prakt. Chem. joo, 267,-303 ; 4. 3 CaO • 2 Si02 

• HjO according to Michaelis, Verhandl. d. Vereins zur Beffirder. d. Gewerbefl. 1896, 

317 ; 5. 2 CaO • Si02 * HgO according to Rebbufat, Tonind. -Ztg. 1899, 782, 823, 

853, 1900 ; A. Meyer, Bull. Boucarest 1901, Nr. 6 ; Erdmenger, Chem.-Ztg. 1893, 

982 ; 6. 3 CaO • SiOg * H2O according to Rivot & Chatoney, Compt. rend. 1856, 

X53y 302, 785 ; 7. 8162 * H2O according to Kuhlmann, Compt. rend., Mai 1841 ; 8. 

The formation of calcium hydrosilicates was assumed by Berthier, Ann. chim. et phys. 
22, 62 ; Fremy, Compt. rend, do, 993 ; Dieven, Archiv. f. d. Naturk. v. Divland, Estland, 
u. Kurland 1864, 45 ; Michaelis, TOpfer- u. Ziegler-Zgt. 1880, 194 ; 9. A mixture of 

basicy neutral and acid silicates was assumed by Heldt, Joum. f. prakt. Chem. 1866, 
g4, 124-61 ; 10. The formation of silicates ivithout any statement as to thei/r formulas was 
assumed by Vicat & John, Ann. chim. et phys. 5, 387 ; Feichtinger, Bayer. Kunst- 
u. Gewerbebl. 1858, 69; Winkler, Chem. Centralbl. 1858, 482 et seq. 284b, Jordis. u. 
Kanter, Zeitschr. f. angew. Chem. 1903, 462-8, 485-92. 285, Le Chatelier, Compt. 

rend. g4y 867 ; Bull, de la soc. chim. 41, Zll ; 42, 82. 286, Newberry, Tonind.-Ztg. 

1898, 879. 287, Kosmann. Tonind.-Ztg. 1902, 1895 ; 1895, 237. 288, Jex, Tonind.- 
Ztg. 1886, 1919 ; 1900, 1856. 289, Erdmenger, Tonind.-Ztg. 1879, Nr. 1, 19, 20, 49 ; 
Chem. -Ztg. 1893, 982 ; Dingl. Polyt. Joum. 218, 507. 290, Hardt, Tonind.-Ztg. 1900, 

1674. 291, SchOnaich-Carolath, Chem. Centralbl. 1866, 1062. 292, Schott, Dingl. 
Polyh Joum. 202, 434. 293, Zsigmondy, Chem. Centralbl. g4y 1064. 294, Meyer- 
Mahlstatt, Protok. d. Vereins d. Portlandzem.-Fabr. 1901. 295, Rohland, Zur Frage 

iiber die Konstitut. d. Portlandzem., Zeitschr. f. Baumaterialienkunde, Nr. 6, 1901, 
20. For further information on Constitution of CUnkers see Fremy, Compt. rend. 
60, 993 ; Schuliatschenko, Dingl. Polyt. Joum. jp^, 356 ; Michel, Joum. f. prakt. 
Chem. 95, 548 ; Tdmebohm, Kongr. d. intemation. Verb. f. Materialpr., Stockholm 
1897 ; Rebbufat, Gaz. chim. itaL 28, Teil II ; Zulkowski, Chem. Ind. 1901, 290 ; Leduc, 
Sur la Dissociation des produits hydraul.. Sept. 1901 ; Bivot u. Chatoney, Compt. 
rend. J55, 302, 785; A. Meyer, Bull. Boucar. 1901, Nr. 6; Tonind.-Ztg. 1902, 1895; 
Ludwig, Tonind.-Ztg. 1901, 2084; Richardson, Tonind. -Ztg. 1902,. 1928; MichaeHa, 
Versamml. d. Vereins d. Portlandzem. -Fabr. 1903 ; Winkler, Joum. f. prakt. Chem. 
67, 444 ; Dingl. Polyt. Joum. J75, 208 ; Heldt, Joum. f. prakt. Chem. 9^, 129, 202-37 ; 
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Laudrin, Compt. rend. 96 , 156, 379, 841, 1229 ; Foy, Ann. ind. 1887, 90. 296, Le 

Chatelier, Compt. rend. 9 ^, 867. 297, Tdrnebohm, Kongr. des intemation. Verb. f. 

Materialienpr., Stockholm 1897. 298, Richardson, Baumaterialienk, 1903, Heft 11 , 

150 ; Tonind.-Ztg. 1903, Nr. 58. For further information on the u^e of the microscope in 
the study of the constitution of Portland cement see W. Michaelis, Der ErhartimgsprozeB 
der kalkhaltigen hydraul. Bindemittel, Dresden 1909, also Keisermann, Der Port- 
landzement, seine Hydratbildung und Konstitution, Kolloidchemische Beihefte. Bd. 
I, 1910, Keisermann endeavoured to ascertain the constitution of Portland cement by 
microscopical crystallographic methods with the aid of aniline dyes as selective staining 
agents. He concluded that clinTcer is probably a conglomerate of dicalcium silicate and 
tricalcuim aluminate in the proportion of 4 (2 CaO • Si 02)+3 CaO * AlgOg. Keisermann 
(Z. c.) and O. Schmidt (Der Portlandzement, Stuttgart 1906, 29) state i^t there are now 
in existence about 28 theories of the constitution and hy dr atisation of cements. 299, Schott, 
1. c. 300, Zulkowski, Zur Erhartungstheorie d. natiirl. u. kiinstl. hydraul. Kalkes, 
Berlin 1898, 45 ; Sonderabdr. a. d. Zeitschr. Chem. Ind. 1898. 301, Lunge, Tonind.- 

Ztg. 1900, 763-5 ; Zeitschr. f. angew. Chem. 1900, 409. 302, Schott, 1. c. 303, Michaelis, 
Die hydraulischen M5rtel 1869, 193. 303a, Theories of the process of burning have been 

published by Knipp (On burning the cohesion of the silica is reduced)^ Osterr. Zeitschr. 
f. Berg- u. Hizttenwesen 1865, Nr. 40 u. 41 ; Mann (Burning draws the smallest particles 
close together), Tonind.-Ztg. 1877, Nr. 26 u. 30; Michaelis (Burning produces a state of 
physical tension in the molecule), Joui^nal f. prakt. Chem. 100 , 257-303 ; Erdmenger 
(B. considered this state of tension to be partly chemical), Tonind.-Ztg. 1878, 232, 250, 
259, 378. Theories respecting the cause of dead-hu/rned''^ cement have been published 
by : Fremy, Pettenkofer, SchOnaich-Carolath who attributed it to the formation of a 
silicate, Chem. Centralbl. 1866, 1062 ; Vicat and many others attribute it to the production 
of a fluAd (molten) material, Ann. chim. et phys. 1820 ; Michaelis has shown by experi- 
ments, that Vicat’s view is erroneous, Tonind.-Ztg. 1892, 124, 403 ; Schuliatschenko 
attributed this phenomenon to physical causes, Chem. News 1869, 190 ; Hewett to an 
allotropic modification of normal cement, Tonid.-Ztg. 1899, 211 et seq. 303b, The follow- 
ing papers have been published on slag cements : Eisner, Dingl. Polyt. Joum. 106 , 32 ; 
Ott, ibid. 208 , 57 ; Huck, Polyt. Centralbl. 1870, 778 ; Pelouze and Fremy, Berg- 
u. Hiittenm. Ztg. 1872, 335 ; Bodner, ibid. 1874, 202 ; Wood, ibid. 1878, 432 ; Bosse, 
Tonind.-Ztg. 1885, Nr. 41 ; 1886, Nr. 9 ; Manske, Zeitschr. d. Vereins d. Ing. 1885, 
921 ; Herrmann, Deutsche TOpfer- u. Zeigler-Ztg. 1886, Nr. 5 ; Schumann, Deutsche 
Bauztg. 1886, 4 ; Tonind.-Ztg. 1886, Nr. 5 ; Farinaux, Tonind.-Ztg. 1886, Nr. 18-20 ; 
Stahl u. Eisen 1886, Nr. 1 ; Ausfuhrl. iiber Schlackenz. nach Tetmajer in Tonind.-Ztg. 
1885, Nr. 36 ; 1886, Nr. 22 and Deutsche Tdpfer- u. Ziegler-Ztg. 1887, Nr. 26 ; Knapp, 
Dingl. Polyt. Joum. 265 , 184 et seq. 304, Jantzen, Tonind.-Ztg. 1903, Nr. 32. 305, 

Lunge, 1. c. 

305a, Theories of hcurdening : i. Physical reactions (crystallisations) the cause of 
setting, according to Wolters, Dingl. Polyt. Joum. 1874, 214 , 392 ; Le Chatelier, Bull, 
de la soc. chim. 1885, 42 , 82 ; Tonind.-Ztg. 1892, 1032 ; Levoir, Rec. des trav. cMm. 
des Pays-Bas 1886, 59 ; Erdmenger, Chem.-Ztg. 1893, 982 ; Rebbufat, Tonind.-Ztg. 
1899, 782, 823, 853, 900. 2. The soUdification or coagulation of the colloids produced on 

mixing the cement with waler is the cause of setting according to Hauerschild, Wochenschr. 
d. niederOsterr. Gew. -Vereins 1881, 271. 3. Erdmenger has suggested that the dis- 

integrated Ume forces the gelatinous material, produced by the action of water, into the 
pores or voids and so causes the hardening of the mass, Tonind.-Ztg. 1881, 782, 823, 883, 
900. 4. Hardening is attributed to drying by Heldt, Joum. f. prakt. Chem. 1866, 9 ^, 

124-61 ; Erdmenger, Tonind.-Ztg. 1880, Nr. 1 , 42. 305b, A hydration of the com- 
pounds occurring in clinker is said to occur, by Fuchs, Gesammelte Schriften, MOnchen 
1829, 113 ; Knaufi, Wurttemb. Gewerbeblatt 1865, Nr. 4 ; Rivot u. Chatoney, Compt. 
rend. 153 , 302, 785 ; Schuliatschenko, Chem. News 1869, 190 ; Knapp. Dingl. Polyt. 
Joum. 1887, 265 , 184; Perrodil, Dingl. Poljrt. Joum. 1885, 255 , 76; Le Chatelier, 
Bull, de la soc. chim. 1885, 42 , 82 ; Zulkowsky, 1. c. 300, Knapp, Dingl. Polyt. Joum. 
1871, 202 , 524. 307, cf. Knapp, ibid. p. 573. 308, ibid. p. 618. 309, Richter, Zur Konstit. 
der Portlandz, Tonind.-Ztg. 1903, Nr. 120. 310, Michaehs, Die hydraul. MOrtel, p. 677. 

311, Winkler, Joum. f. prakt. Chem. 1866, 67 , 444. 312, Winkler, L c. 313, Heldt, 

Joum. f. prakt. Chem. 1866, g 4 , 129. 314, Fuchs, 1. c. 217. 315, Zulkowski, tJber den 
wahren Gerund der Erh&rtung der hydraulischen Bindemittel, Chem. Ind. 1898, ^9 ; 
(see also 311a). 316, Von Teicheck, Chem. Ind. 1901, 446. 317, Zulkowsky, Chem. 

Ind. 1901, 372. 318, Zulkowsky, Chem. Ind. 1898, 101. 319, Feichtinger, Dingl. 

Polyt. Joum. 1869, 40-61, 108-18. 319a, t3ber die quantitative Bestimmung des 
freien Kalkhydrats im erhS-rteten Zement N. Ljanoin, Tonmd.-Ztg. 1899, 230 ; Schuliats- 
chenko, t3ber das Calciumhydrat in dem erh&rteten Portlandzement, Verhandl. 
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APPENDIX 

CALCULATION OF FORMULtE FROM THE RESULTS 
OF LEMBERG’S EXPERIMENTS * 

A. Production of a series of Sodalites with the general formula 

m • (6 AlA • 12 SiOa) • m' Salt • n HjO 

or the formula 

Nai2(gi • A 1 • iU • S^i) • m'E • nH^O 
(a) The following compound 

(6 • 6 AI2O3 • 12 Si02) • 4 ma • 4 e^o 

=mi2(Sl • ii ‘ il - Si) • 4 Naa • 4 H2O 
is the final product of the action of a 20 per cent, solution of caustic soda 
saturated with sodium chloride on the following silicates : 

6 H^O • 6 AI2O3 • 12 Si02 • 6 II2O (E^aolin from Karlsbad) 

= • ij • JQ • ^i) • 6 HjO 

6 NagO * 6 AI2O3 • 12 SiOg (Elaolite from Brevig) 

= Naij(^i • il • Al • SO 

6 NaaO *6 AI2O3 • 18 Si02 • 12 H2O (Brevicite from Brevig) 

= Naij(^i • il • §i • A 1 • ^i) • 12 H ,0 
3 NaaO *3 AI2O3 • 12 SiOg • 6 EjO (Analcime from Fassthal) 

= Na8(§i • il • Si) • 6 HjO 
3 KjO • 3 AI2O3 • 12 SiOa (Leucitefrom Vesuvius) 

= ^ ■ Si) 

3 KjO • 3 AI2O3 • 18 Si02 (Orthoclase from Striegau) 



the reagent and silicate being treated at various temperatures (100®, 180 to 
190"^ C.) for various periods ranging from 74 hours to six monthi. 



Theor7- 

4 

4f 


4c 

4d 

4a 

3 

llajO 

18.61 

19.02 

18.65 

19.35 

19.04 

18.53 

18.67 

3 


30.46 

31.63 

31.81 

31.61 

30.70 

30.84 

30.73 

6 

SiO, 

36.82 

35.14 

36.32 

36.66 

36.02 

36.42 

36.78 

2 

NaCl 

11.64 

10.71 

11.22 

11.32 

10.22 

10.22 

10.23 

2 


3.68 

2.61 

0.94 

1.14 

3.60 

3.13 

3.26 


CaO 

— 

0.30 

0.63 

— 

0.14 

0.49 

0.26 



100.00 

99.41 

99.57 

100.08 

99.72 

99.63 

99.81 


* ^ Zeitschr. d. Dexitsch. g&ol. Oesellsch. 1S76-85. 
2 Cf. pages 60, 61 and 140 of this volume. 

® Cf. Lemberg, L c. 1883, p. 582. 
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(b) After two months' action, at 100®, of 15 and 12 per cent, solutions of 
caustic potash saturated with potassium chloride on the silicates * 

3 KgO • 3 AI2O3 • 12 Si02 (Leucite from Vesuvius) = K0(Si • Al • Si) 


3 KgO * 3 AI2O3 • 18 Si02 (Orthoclase from Striegau) = 



Lemberg obtained the sodalite 

(6 K2O • 6 AI2O3 • 12 SiOa) • 2 KCl • 8 H2O 
= Ki2(Si • Ai • A1 • Si) • 2 KCl • 8 H2O. 



Theory. 

6c 

6a 

3 

K,0 

26.77 

24.72 

23.84 

3 

AI2O3 

27.96 

27.47 

27.10 

6 

Si02 

32.89 

32.31 

32.26 


KCl 

6.80 

7.34 

7.00 

4 

HjO 

6.58 

7.80 

8.22 


CaO 

— 

0.30 

— 



100.00 

99.94 

99.42 


(c) The silicates f 

6 H2O • 6 AI2O3 • 12 SiOg • C H2O (Kaolin from Karlsbad) 

= ±32(81 • iJ • id • Sl) 6 HjO 
6 Na20 • 6 AI2O3 • 18 SiOa • 12 II2O (Brevicite from Brevig) 

= Nais(^i • il • Sl • Al • Sl) 12 Hj O 
3 Na20 • 3 AI2O3 • 12 SiOj • 6 HgO (Analcime from Fassthal) 

= ^TaaC^i • il • ^i) 6 H*0 
3 KgO • 3 AljOj • 12 SiOg (Leucite from Vesuvius) 

= K4(S1 • ^ • i^i) 

3 NagO • 3 AI2O3 • 18 SiOj (Albite from Viesch) 



^ KjO • 3 AI2O3 • 18 Si02 (Orthoclase from Striegau) 

/ 

= Ka( ) 


♦ Lemberg, I, c. 1883, p. 587. 
t Lemberg, 1. c. 1883, pp. 679, 580. 
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If a 20 per cent, solution of caustic soda, saturated with sodium sulphate, 
is used at various temperatures (100®, 180-190°) for Afferent periods (74 
hours to six months) oidy the following sodalite is formed ; 

(6 NajO • 6 AI2O3 • 12 SiOj) • 2 Na^SO* • 6 H3O 



= Na 1,(81 • 

M-il- 

si) • 2 Na,S04 

• 6 H,0. 



Theory. 

3 

3f 

3a 

3b 

38 

3c 

3d 

3 Na,© 

17.75 

17.96 

17.75 

17.72 

17.77 

17.39 

17.11 

18.53 

3 AljO, 

29.20 

30.00 

30.24 

29.44 

29.55 

29.66 

29.01 

30.04 

6 SiOa 

34.35 

34.31 

34.03 

14.78 

34.29 

35.14 

35.27 

34.74 

NaaSO^ 

13.55 

11.82 

13.22 

12.65 

11.80 

12.63 

11.21 

9.33 

3H,0 

5.15 

6.70 

5.02 

5.35 

5.89 

4.90 

6.25 

6.88 

CaO 

— 

0.35 

— 

— 

0.40 

— 

0.20 

0.20 


100.00 

100.14 

100.26 

99.94 

99.70 

99.72 

99.05 

98.72 

(d) Three to five grammes of the following silicates : * 




6 H«0 • 6 AljOo • 12 SiO, • 6 H.O (Kaolin from Karlsbad) 

= Hi 2(S1 • M • Sl) • 6 HjO 
6 NaoO • 6 AI2O3 • 12 SiO, (Elaolite from Brevig) 

= Nai2(^i • Ai • il • gi) 

3 Na^O • 3 AloOs • 12 SiO 2 • 6 HoO (Analcime from Fassthal) 

= NagCSl • Jd • Si) • 6 H2O 
3 K2O • 3 AI2O3 • 12 SiOg (Leucite from Vesuvius) 

= Ke(Sl • Ad • Si) 

3 NagO • 3 AI2O3 • 18 SiO 2 (Albite from Viesch) 



were mixed with 40 g. of the sodium silicate Na20 • Si02 • 8 H2O, which 
had been melted in its own water of crystallisation and the mixture heated 
at 200° for 100 hours in a digester. The excess of sodium silicate was then 
washed out with cold water. An analysis of the residue corresponded to the 
compound 

(6 Na20 • 6 AI2O3 • 12 SiOg) • 2 NagSiOa • 8 H2O 
= I^ai2(Si • Ai • Ad • Si) • 2 Naj^iOs • 8 H2O. 


Theory. 

3 

3c 

3e 

3f 

3g 

NajO 

23.71 

22.61 

23.30 

23.34 

21.03 

21.70 

AI2O3 

29.27 

29.31 

28.69 

29.16 

29.60 

29.25 

SiO, 

40.15 

40.30 

39.43 

40.15 

40.52 

40.84 

H,0 

6.87 

6.68 

6.88 

6;38 

7.49 

6.94 

CaO 

— . 

— 

0.90 

— 

— 

— 


100.00 

98.90 

99.20 

99.03 

98.64 

99.73 


Lemberg, L c. 1885, pp. 961, 962. 
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(e) The silicates 

6 HgO • 6 AlgO^ • 12 SiOg • 6 HgO (Kaolin from Karlsbad) 

= Hi 2 (Si • Ai • A1 • Si) • 6 HgO 
3 NagO • 3 AI2O3 • 12 Si02 * * * § 6 H2O (Analcime from Passthal) 

= Nae • (Si • Al • Si) • 6 H2O 
3 K2O • 3 AI2O3 • 12 Si02 (Leucite from Vesuvius) 

= KeCSi • id • Sl) 

were treated with a 15-20 per cent, solution of caustic soda saturated with 
sodium carbonate at various temperatures (100°, 180-190°) and for different 
periods ranging from 74 hours to six months.* Analyses of the products gave 
the following formula f 

3 (6 NagO • 6 AI2O3 • 12 Si 02 ) • 4 NaaCOg • 30 H2O 
= {Na,2(^i • AJ • Al • Si)}3 • 4 NajCOs • 30 H^O. 



Theory. 

5 

5b 

5c 

9 

NajO 

18.38 

18.23 

17.17 

18.13 

9 

AljOj 

30.22 

30.84 

29.18 

29.47 

18 

SiOj 

35.56 

34.82 

35.50 

35.27 

2 

Na20C3 

6.96 

7.13 

6.96 

6.58 

15 

HjO 

8.89 

8.68 

9.40 

9.18 


CaO 

— 

0.30 

0.10 

0.40 



100.00 

100.00 

98.84 

99.03 


B. A Series of Changes in Aluminosilicates based on Lemberg’s 
Experiments. 

(a) The action of caustic soda solution of various concentrations (30 per 
cent, and 56 per cent.) at 100° for various periods ranging from 72 hours to 
14 days on the following silicates : 

(1) 3 NagO • 3 AI2O3 • 12 Si02 * 6 H2O (Analcime from Fassthal) 

= Nae(Si • Al • Sl) • 6 Ufi't 

(2) 6 Na20 • 6 AlgOg • 12 Si02 (Elaolite from Brevig) 

= Na„(Si • Al • Al • Sl)J 

(3) 6 H2O • 6 AljOs • 12 SiOj - 6 HjO (Kaolin from Karlsbad) 

= Hi2 (S1 • Al • ^ • Sl) • 6 HjOl 

gave the following results : ^ 

From Compound 1 was obtained the substance : 

6 Na^O • 6 AI2O3 ■ 12 SiO^ • 15 H^O = Na,a(^i • Al • Al • Si) • 16 HjO 
from Compound 2 the substance : 

8 NajO • 6 AlaOj • 12 SiO* • 7 HjO = Na^C^i • Al • a1 • S"i) • 7 H^O 

* Lemberg, L c. 1883, pp. 683-4. 

t Lemberg, 1. c. 1883, p. 679, Expt. 2. 

t Lemberg, I, c. 1885, pp. 960-1, Expts. 2c. and 2d. 

§ Lemberg, 1. c, 1883, p. 579, Expt. 1 ; I, c. 1885, p. 960, Expt. 2b. 
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and from Compound 3 the silicates : 

6 NaaO • 6 Al^Og - 12 SiOg * 15 H^O = Nai2(& • A1 • A1 • Sl) • 15 HiO 
8 NagO • 6 AI2O3 • 12 SiOa • 7 H2O = Nai6(Si • A1 • A1 • Si) • 7 H2O 



Theory. 

1 

2 


6 

NajO 

18.84 

18.30 

18.87 


6 

AI 2 O 3 

31.01 

31.13 

31.35 


12 

SiOa 

36.47 

36.52 

36.28 


15 

H 2 O 

13.68 

14.59 

13.39 




100.00 

100.54 

99.89 



Theory. 

2b 

2c 

2d 

8 

Na^O 

25.38 

26.05 

25.29 

24.99 

6 

AI 2 O 3 

31.32 

31.42 

31.05 

31.16 

12 

SiOa 

36.85 

36.25 

36.63 

36.12 

7 

H 2 O 

6.45 

6.87 

5.71 

6.36 


CaO 

— 

— 

1.08 

1.02 



100.00 

100.59 

99.76 

99.65 


(b) On treating the silicates : 

(1) 6 Na20 • 6 AI2O3 • 12 Si02 (Elaolite from Brevig) 

= Nai2{Sl • A1 • A1 • Sl)* 

(2) 3 NagO • 3 AI2O3 • 12 Si02 * 6 HgO (Analcime from Fassthal) 

= NagCSl • ^ • Sl) • 6 H2O t 

(3) 3 K2O • 3 AI2O3 ' 18 Si02 (Orthoclase from Striegau) 



in thQ state of a molten glass with aqueous solutions of sodium silicate^ 
NagO • 22 Si 02 aq. of suitable concentration, at various temperatures 
(100°, 200-210°) for various periods (78 hours to five months) the following 
substance 

(3 Na20 • 3 AI 2 O 3 ^ 15 SiOj * 7J H20)2 



was produced from Compounds 1 and 2, and the compound 

3 NagO • 3 AI 2 O 3 • 12 SiOg " 6 HgO = Nae(Sl • A1 • Si) • 6 HgO 
from the silicate 3. 

* Lemberg, I, c. 1883, p. 608, Expts. 35 and 36. 
t Lemberg, I, c. 1885, pp. 992-3, Expts. 42 and 43. 
j Lemberg, L c* 1885, pp. 903-4, Expt. 47. 
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SNa^O 
3 Al.O, 
15 SiOj 
7iH,0 


(c) The silicate 


Dry. 

35 

36 

42 

43 

12.18 

12.80 

12.64 

12.90 

12.27 

20.04 

20.95 

20.64 

20.54 

19.35 

58.94 

57.10 

57.67 

57.78 

59.35 

8.84 

8.68 

8.79 

8.78 

9.03 

— 

0.47 

0.30 

— 

— 

100.00 

100.00 

100.04 

100.00 

100.00 

Theory. 

47 



3Na20 

14.09 

14.01 



3 AI 2 O, 

23.20 

22.80 



12 Si02 

54.54 

54.36 



6 H 2 O 

8.17 

8.53 




100.00 

99.70 




3 NajO • 3 AljOa • 15 SiO^ • 7 J H^O * 


formed from the analcime from Fasathal, after a three weeks’ treatment with 
potassium chloride solution at 100° and a further treatment for 100 hours 
at 200°, gave the compound 

(3 KjO • 3 AljOa • 15 SiO* • IJ HjOa 



H 


Si\] 

ij 

sr _ 

- -SH 

2 

20t 


Theory, 

42a 

43a 

3 

K 2 O 

18.62 

19, 

.05 

18.64 

3 

AI 2 O 3 

20.19 

20. 

.79 

20.25 

15 

SiO, 

59.40 

58, 

.92 

59.90 

n 

H 2 O 

1.79 

1. 

.24 

1.21 



100.00 

100.00 

100.00 


(d) Th6 behaviours towards acids of the following silicates ; 

(1) 0,6 NagO • 2,5 CaO • 3 AljO, • 18 SiO* • 17 H^O (Stilbite from 

Berufjord) .. 

= NaCa2,s Al^i 

^i 

(2) 0,6 NajO • 2,5 CaO • 3 AlgOj • 18 SiOj • HjO (Desmine from Farsem) 


= l^aCaj,* AiH' ■ § 

^^i 

(3) 0,5 KjO • 2 XajO • 2,6 CaO • 6 Alpg • 18_Si04 • MH,0 (See- 
bachite from Richmond) = KNa 6 Caj, 5 (Si* Al • Si • A1 • Si) *28 HjOU 

* Lemberg, Z. c. 1885, p. 992, Expts. 42 and 43. 
t Lembergi L c. 1885, pp. 992-3, Expts. 42a and 43a. 

J Lemberg, Z. c. 1885, pp. 987-8. 

I Lemberg, Z. c. 1885, pp. 989, 990, 993. 

I) Lemberg, Z. c. 1885, pp. 972, 977—8. 
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(4) 0.5 KjO • 2.5 NajO • 2 CaO • 5 AljOj • 18 SiO^ • 28 HjO (Hersche- 

lite from Acireale)= MasCa 2 (Si • il • Si • II • gi) 28 HjO,* and their 
derivatives are shown in the following Tables I, II, III and IV, in which 

V = Lemberg’s Experiment Number. 

S = The silicates used. 

A = The salt solutions employed. 

Z = The duration of the experiments. 

T = The Temperature. 

P = The Products obtained. 


Table I 


1’ 

* 

V. 

s. 

A. 

Z. 

T. 

P. 

i 

3d a 

0.5 Na20*2.5 CaO‘3 AljO, 1 
•18 SiOj-17 H,0 i 

Kd solution 

1.5 Mths. 

100* 

3 KaO-3 AJaO,*18 SiOa*13 HaO 

■< 

39 b 

8 KaO'3 AIjOs-18 SiOj'lS HjO 

Nad 

„ 

14 Days 

100* 

3 NaaO'8 AlaOa'18 SiOa l6 HaO 

' l!' 

39 c 

3 N&tO'3 AljOa'lS Si02*16 HjO 

Nad 


1355 Hrs. 

210-220* 

3 NaaO *8 AlaO,-18 SiOa'8 HaO 


39 d 

3 NaaO*3 AljOa'lS SiOa'16 HaO 

(NaaO- SiOa+Nad) 

„ 

75 Hrs. 

195-205* 

3 NaaO*3 AIaOa'18 SiOa*8 HaO 


39 g 

3 NaaO*3 AlaOs'18 SiOa'ie HjO 

(Borax+NaCl) 


78 Hrs. 

200-210* 

3 NaaO *3 AlaOa'18 SiOa'8 HjO 


39 h 

3 NaaO-3 AlaOj-18 SlOa'ie HjO 

(Borax -f Nad) 


78 Hrs. 

200-210* 

3 NaaO-S Ala08-18 SiOa’S HaO 

i '1 

39 k 

3 NaaO'3 AlaOj'lS SiOa’ie HaO 

(NaaBU^Oi+Nad) 


74 Hrs. 

220* 

3 NaaO*3 Ala 03 l 8 SiOa'8 HaO 


89 e 

3 NaaO*3 AJ,Oa*18 SiOa*8 HaO 

Kd 

„ 

75 Hrs. 

200* 

3 KaO'S AlaO,*18 SiOa'HaO 


89 1 

3 NaaO-S AlaOa'18 SIOa‘8 HjO 

Kd 

„ 

78 Hrs. 

210-215* 

3 KaO-S AlaOa'18 SiOa'HaO 

■ :* 

39 1 

3 NaaO*3 AJ,Oa'18 SiOa'8 HjO 

Kd 


79 Hrs. 

210* 

3 KaO*3 Ala0,-18 SiOa'HaO 

; jil 

39 f 

3 KjO-S AlaO,*18 SlOa HaO 

Nad 

- 

6 Days 

100* 

3 NaaO*3 Ala0,-18 SiOa'S HaO 



Analyses 



Theory. 

39 

o.t 

> Na^O 

1.66 

1.40 

2.5 CaO 

7.53 

7.43 

3 

A 1 , 0 , 

16.26 

16.48 

18 

SiO, 

68.09 

57.97 

17 

H^O 

16.46 

16.20 


KjO 

— 

0.52 



100.00 

100.00 


Theory. 

39a 

SKgO 

14.82 

14.30 

3 AI 2 O 3 

16.09 

16.34 

18 Si 02 

56.78 

57.21 

13 H 2 O 

12.31 

12.85 


100.00 

100.70 



Theory. 

39b 

3 

NajO 

10.00 

8.89 

3 

AI2O3 

16.45 

16.72 

18 

SiO* 

58.07 

58.14 

16 

H20 

15.48 

15.47 


CaO 

— 

0.78 



100.00 

100.00 


H h! 

liL'ii 


Lemberg, I, c. 1885, pp. 976, 979. 
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Theory. 

39c 

39d 39g 

39h 

39k 

39f 

3 

NajO 


10.84 

10.61 

10.94 11.27 

11.07 

10.74 

10.81 

3 

AI2O3 


17.84 

17.56 

17.99 17.74 

17.56 

18.21 

17.71 

18 

SiOa 


62.94 

62.56 

62.54 62.22 

62.68 

62.32 

62.87 

8 

H2O 


8.38 

9.27 

8.53 8.77 

8.69 

8.73 

8.61 




100.00 

100.00 100.00 100.00 

100.00 

lOO.OO 

100.00 




Theory. 

39e 39i 

391 




3 

NajO 

16.73 

16.66 16.87 16.63 




3 

AljOs 

18.10 

18.15 18.00 18.72 




18 

SiOj 

64.09 

64.27 63.89 63.41 





HjO 

1.08 

0.92 ] 

.24 

1.24 



100.00 100.00 100.00 100.00 


The experiments shown in Table I indicate a replacement of the mono- 
and di- valent elements and a variation of the water in compounds of the 
type 

o / 

Rel Als,^Si I 


Table II 


V. 

s. 

A. 

Z. 

T. 

P. 

40 a 

0.6 NaaO-2.6 CaO’S AljOa'lS Si02’20 HaO 

KasoL 

1 Month 

100“ 

3 KaO -3 AlaOg'lS SiOa*13 HgO 

40 b 

3 KjO'S AljOs'lS SiOa'13 HaO 

Naa „ 

14 Days 

100“ 

3 NaaO-S Al,0»*18 SIO*-16 HgO 

40 c 

3 NasO-SAlaOz-lS 8302*16 H 2 O 

Naa .. 

1029 Hrs. 

210-220“ 

3 NajO'S Al,0,-18 SiOa*8 HaO 

40 <3 

8 NajO-S AlaOj-lS 8102*16 HaO 

(NaaO*2SiOa+Naa) „ 

74 Hrs. 

220“ 

3 NajO-S AljOa’lS SiOa‘8 HjO 

40 f 

3 NaaO'S Al.Og'lS SiOa'lO HjO 

(Borax +NaCl) „ 

186 Hrs. 

210-220“ 

8 NaaO-8 Ali^Oa'lS SiOa*8 HaO 

40 e 

3 N&iO * 3 AlaO,'18 SiOa*8 HjO 

Ka 

79 Hrs. 

210“ 

3 KaO*8 Al208'18 SiOs’HaO 

40 g 

3 NaaO '3 Ala0»*18 SiOa'S H*0 

Kca „ 

79 Hrs. 

210-220” 

3 KaO’3 AlaOj-lS SiOa-HaO 

44 

0.5 NaaO*2.5 CaO*3 Al20g-18 8102*20 HgO 

20%Na2COa 

16 Mnths. 

100“ 

3 NaaO-S AlaOa*16 SiOa'^iHaO 

44 a 

8 NajO-S AlaOs*15 SiOa*?^ HjO 

Ka „ 

100 Hrs. 

200“ 

3 KaO'S AlaO,*16 SiOa'lJ HaO 

45 

0.5 Na20*2.5 CaO*8 AlaOg'lS SiOa*20 HaO 

25XNaaO'SiOa 

2 Mnths. 

100“ 

3 NaaO-3 Al80a*12 SiOa’e HaO 

45 a 

3 NaaO *8 Al20al2 SiOa*6 HjO 

KCl „ 

3 Weeks 

100" 

8 KaO-8 AlaOa*12 SiO,-HaO 


Analyses 



Theory. 


40 

0.5 

NaaO 

1.60 

0.91 

2.5 

CaO 

7.31 

7.60 

3 

AI2O3 

15.96 

16.18 

18 

SiOj 

66.36 

66.62 

20 

H3O 

18.77 

18.63 


K3O 

— 

0.24 


100.00 100.18 



US 
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Theory. 

40a 


Theory. 

40b 

3 

KwO 

14.82 

14.42 


3 NagO 

10.00 

9.74 

3 

AljOj 

16.09 

15.83 


3 AI 2 O 5 

16.45 

16.35 

18 

SiOj 

56.78 

56.81 


18 SiO 2 

58.07 

67.09 

13 

H/) 

1131 

12.94 


16 H 2 O 

16.48 

16.82 


100.00 

100.00 



100.00 

100.00 



Theory. 

40c 

40d 

40f 




3 Na, 

,0 10.84 

10.63 

11.12 

11.46 




3 AlA 17.84 

17.62 

17.83 

17.73 




18 SiO. 

. €2.94 

62.48 

62.08 61.87 




8 H.O 8.38 

9.27 

8.97 

8.94 





100.00 

100.00 

100.00 100.00 



Th^ry. 

40e 40g 

Theory. 

44 

3 

KjO 

16.73 

17.18 17.11 

3 NajO 

12.18 

11.84 

3 

AiA 

18.10 

18.51 18.39 

3 AI 2 O 3 

20.04 

19.79 

16 

SiOa 

64.09 

62.77 62.95 

15 SiOa 

58.94 

59.93 


H,0 

1.08 

1.54 1.55 

7 JH 2 O 

8.84 

8.44 



100.00 

100.00 100.00 


100.00 

100.00 


Theory. 

44a 


Theory. 

45 

3 


18.62 

18.19 


SNajO 

14.09 

13.72 

3 

AlA 

^.19 

20.21 


3 AI 2 O 3 

- 23.20 

22.14 

15 

SiO* 

59.40 

60.90 


12 SiOa 

64.54 

55.26 

li 

H,0 

1.79 

0.70 


6 H 2 O 

8.17 

8,88 



mm 

IDO.OO 



100.00 

100.00 




Theory. 

45a 






3KsO 

21.26 

20.78 






3 AljOj 

23.09 

22.54 






12 SiOa 

54.30 

55.53 






HjO 

1.35 

1.15 







100.00 

100.00 




From the r^ults shown in Table 11 it will be seen that there occur : 

1. A smlw^feuMon of the mono- and di- valent elements of compounds 
of tiie t jpe 



and a sutetitntion of mono- valent elements in compounds of the types 
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2. A oonversioa of the compoxmds of the type 

.-.A) 


R, 




into those of the types 


It. 




6 I -oi— \ and R8(Si - ii • Si) 


3. A change in the water-content is obserTable in some caj^s. 


Table III. 


I V. 

S. 

A. 

Z. T. 

P. 

j 26a 

26 b 

26 c 
26 d 
26 f 
26 e 
26e 

0.5KaO-2NaaO*2-5CaO'5AJjO, \ 
•18 Si0**28 HjO / 

0.5 KaO-23SriLaO*2.5 CaO’S AI,0» \ 
*18 Si0a*28 H^O J 

5 KaO-S Ala0,*18 S10,*24 HjO 

5 KaO-S Ala0**18 SiOj*24 H*0 

5 K*0 *5 Al20s‘18 Sia,*24 H*0 : 
5 NaaO*5 .A]a0,*18 SiOa*10 H,0 : 

5 NajO-S Ala0»*18 SiO/lO EaO 1 

EQ Sedation 

(8%K,CO,+15%Ka) „ 

2faa „ 1 

(15% israa-i-5% is&tOCh) ^ ; 

(15%Naa+-5%NaaCO0« 

Ka 

Ka .. 1 

2 Mtbs. : 1©0= 

70Hrs. 1260-210* 

1 20Days ; 100” i 

i 150 Hrs. 260-21d* i 
: 150 Hrs. 200-210* 

1 lOO Hrs. : 266-215* | 
lOOHrs. 1 210* * 

5K*0-5Afc€>,“28 SlOtf# HfO ^ 

6 EsO-5 AW>,*18 SiO,t* j 

52Sras0'5 AItO,*lS SiO.tT HsO i 
SNa/>- 5 Al,0,*18 SIO**lO ; 

5 Na*0*5 SIO»TO * 

5K^-5AM),-lSSiO,-E,(> i 


Analyses 



Theory. 

26 


Theory. 

2ea 

26b 

0.5 

KjO 

1.94 

2.00 

5 

K *0 

18.87 

18.85 

18.65 

2 

ITagO 

5.09 

4.92 

5 

AlA 

20,48 

20.43 

^.49 

2.5 

CaO 

5.78 

5.89 

18 

Si 02 

43.35 

43.75 

44.21 

5 

AI 2 O 3 

21.04 

21.66 

24 

HsO 

17.30 

16.% 

16.65 

18 

SiO, 

44.54 

44.30 



100.00 

99.99 

100.00 

28 

HjO 

21.61 

21.23 






100.00 

100.00 







Theory. 

26c 


Theory. 

26d 

26f 

5 

ITagO 

12.98 

12.89 

5 

Na,0 

14.91 

14.% 

14.98 

5 

AI 2 .O 3 

21.44 

21.27 

5 

AI 2 O 5 

24.52 

24.68 

24.33 

18 

SiOj 

45.23 

45.44 

18 

SiOs 

51.92 

51.59 

52.05 

27 

HjO 

20.35 

20.40 

10 

H,a 

8.65 

8.75 

8.64 



100.00 

100.00 



100.00 

imm 

im.m 




Theory. 


2^ 

26g 





5 

X 2 O 

22.62 

21.86 

21.64 





5 

AlgOj 

24.54 

25.87 

25.31 





18 

SiOj 

51,97 

51.70 

52.49 






H,0 

0.87 

0.57 

0.^ 




IGOOO 10€.€0 imM 
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Table IV 


V. 

s. 

A. 

Z. 

T. 

P. 

27 a 

.27 b 

! 27 c ; 
; 27(i ! 
i 27e : 
|27f 

0.5 KsO-2.5 Na20-2 CaO o AJaO, ^ 
*18 SiOs-28 H 2 O i 

0.5 K,0*2.S NaaO'2 C^O'S AlgO, ) 
•18 SiOs-28 H 2 O )■ i 

5 K,0*5 AlgOa-lS Si02-24 H 2 O | 
5]Sraa0*5Al203*18Si0s*27Ht0 1 

! SNatO-SAIsOa'lSSiOs-lOHaO ! 
i SKaO-SAlsOa-lSSiOa-HsO ! 

KCl Solution 

(15% KCl+8% KsCOa) .. 

NaCl „ 
(15%NaCl+5%Na2C03) .. 

KCl „ 
KaCl 

1 Mth. 

150 Hrs. 

18 Days 
170 Hjs. 
75 Hrs. 
10 Days 

100* 

210-220° 

100° 

210-220° 

200-210° 

100° 

5 KaO-S AlaOa'lS Si0a*24 HaO 

5 KaO-5 AJaOa'18 SiOa*16 HaO 

5 NaaO-S AlaOs’lS Si02-27 HaO 

5 NaaO'S AlaOs'lS SiOa'lO HaO 

5 KaO-S AlaOa’lS SiOa’HaO 

5 NaaO-S AljOs'lS SiOa'lO HaO 


Analyses 


Theory. 

27 



Theory. 

27a 

0.5 K,0 

1.94 

1.27 


5 

K^O 

18.87 

18.67 

2.5 Na,0 

6.40 

6.76 


5 

AI2O3 

20.48 

20.41 

2CaO 

4.55 

5.05 


18 

SiOa 

43.35 

44.08 

5 AlA 

21.03 

21.27 


24 

H^O 

17.30 

16.84 

ISSiOa 

44.49 

44,12 




100.06 

100.00 

28H,0 

21.59 

21.57 







100.00 

100.04 






Theory. 

27b 



Theory. 

27c 

5K,0 

20.02 

19.55 


5 

NajO 

12.88 

12.50 

5 AlA 

21.72 

21.96 


5 

AI2O3 

21.44 

21.28 

18 SiOj 

45.99 

46.34 


18 

SiOa 

45.33 

45.68 

16 H,0 

12.27 

12.15 


27 

H2O 

20.35 

20.54 


100.00 

100.00 




100.00 

100.00 

Theory. 

27d 

27f 


Theory. 

27e 

5 Na,0 

14.91 

14.97 

14.86 

5 

K3O 

22.62 

21.57 

6 AlA 

24,52 

24.52 

24.44 

5 

AI2O3 

24.54 

26.20 

18 SiO, 

51.92 

51.96 

52.16 

18 

Si02 

51.97 

52.74 

10 H,0 

8.65 

8.55 

8.54 


H20 

0.87 

0.49 


100.00 

100.00 

100.00 



100.00 

100.00 


From the results giyen in Tables III and IV there is clearly a substitution 
of the mono- and di- valent elements in the type 

Rio (Sl • il • Si • a • Si) 

and in one case (Table IV, No. 27d) a change in the water-content. 

(e) The formation of compounds of the type * 

5.5 RgO • 6 AlA • 16 SiOa = Rii(Si • M • Si ^ M • Si). 

On treating two molecules of K^O • SiOg with one molecule of HgO * KgO 
• AI2O3 Lembebg obtained the substance 

0.5 Na^O • 5 K2O • 6 AlA • 16Sia2= NaKio "^i • A1 • Sl • A1 • Si) t 


* Lemberg, I c. 1876, pp. 574-5. 
t Expt. 1, 1. c. p. 674. 
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On treating this silicate for a further period of 7 or,18 days at the ordinary 
temperature with variable quantities of solutions of sodium chloride, 
potassium chloride, etc.,* LumbierQ' obtained compounds whose analyses 
corresponded to the general formula 


5.5 RjO • 6 AI2O3 • 16 SiOj = Ru(Si • id • & • A 1 • Si) 


Na^O • 4.5 KjO • 6 AlgOj • 16 SiOj (Expt. 2b) 

2 Na20 * 3.5 KjO • 6 AI2O3 • 16 Si02 (Expts. la, Ig, 2a, 2c) 

2.5 Na20 • 3 K2O ' ® -^203 • 16 Si02 (Exptsi lb. If, 2d) 

3 Na20 • 2.5 K2O • 6 AI2O3 • 16 Si02 (Expts. Ic, le) 

3.5 Na20 • 2 K2O • 6 AI2O3 • 16 Si02 (Expt. Id) 

5 NagO • 0.5 KjO • 6 AljOj • 16 SiOj (Expt: 2) 

1.5 K2ld ■ 4 MgO • 6 AI2O3 • 16 Si02 (Expt. 4b) 

2 K2O ■ 3.5 MgO • 6 AI2O3 • 16 Si02 (Expts. 4a, 4c) 

2.5 K2O • 3 MgO • 6 AI2O3 • 16 Si02 (Expt. 4d) 

3 K 2 O • 2.5 1(^0 • 6 AI 2 O 3 -16 8102 (Expt. 4) 

1.5 K2O • 4 CaO • 6 AI2O3 • 16 SiOj (Expts. 3a, 3b, 3c) 

2 KjO • 3.5 CaO • 6 AljOj • 16 Si02 (Expt. 3d) 

2.25 K2O • 3.25 CaO • 6 AI2O3 • 16 SiOj (Expt. 3). 


Theory. 

1 

Theory. 

2b 

0.5 NajO 

1.50 

1.83 

XajO 

3.02 

2.55 

5 K 2 O 

22.67 

22.75 

4.5 KjO 

20.56 

21.21 

6 AI 2 O 3 

29.52 

29.38 

6 AI 2 O 3 

29.75 

30.60 

16 SiOa 

46.31 

46,04 

16 SiOj 

46.67 

45.64 


100.00 

100.00 


100.00 

100.00 


Theory. 

la 

ig 

2 a 

2 c 

2 Na 20 

6.12 

6.41 

6.67 

5.98 

5.91 

3.5 K 2 O 

16.25 

16.00 

15.40 

16.37 

16.79 

6 AI 2 O 3 

30.22 

29.99 

29.88 

30.40 

30.30 

16 Si 02 

47.41 

47,60 

48.05 

47.25 

47.00 


100.00 100.00 100.00 100.00 100.00 


Theory. 

lb 

If 

2 d 

2.5Xa20 

7.72 

7.54 

7.52 

7.54 

SXjO 

14.04 

14.12 

14.03 

14.71 

6 AI 2 O 3 

30.46 

29.74 

30.00 

30.00 

lesiOj 

47.78 

48.60 

48.45 

47.75 


100.00 

100.00 

100.00 

100.00 


* In the cases mentioned the salt solutions were of a definite concentration. The 
salts were : NaCl-, KC1-, MgCl^-, CaCla-, (NaCl-f KdK (MgCIs4'KaK (CaCla+KCl). 
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Theory. 

Ic 

le 

Theory. 


Id 

3 XajO 

9.33 

8.97 

8.78 

3.5Na20 

10.97 

11.19 

2.0 KjO 

11.79 

11.89 

12.10 

2 KgO 

9.67 

8.95 

6 AI.O 3 

30.71 

30.12 

30.13 

6 M 3 O 3 

30.96 

30.29 

16 SiOz 

48.17 

49.02 

48.99 

16 SiOa 

48.60 

49.57 


100.00 

100.00 

100.00 

100.00 

100.00 

Theory. 

2 


Theory. 


4b 

5 NejO 

16.07 

15.60 


1.5 KgO 

7.52 

7.94 

0.5 KjO 

2.43 

3.21 


4 MgO 

8.54 

8.33 

6 Al.O, 

31.73 

31.20 


6 AI 2 O 3 

32.68 

32.29 

16 SiOj 

49.77 

49.99 


16 SiOj 

51.26 

51.44 


100.00 

100.00 



100.00 

100.00 

Theory. 

4a 

4c 

Theory. 


4d 

2 KjO 

9.89 

10.03 

10.01 

2.5 KjO 

12.19 

11.59 

3.5 MgO 

7.36 

6.97 

7.03 

3 MgO 

6.23 

6.37 

6 AI 2 O 3 

32.22 

31.72 

31.60 

6 M 2 O 3 

31.76 

•31.69 

16 SiOa 

50.53 

51.28 

51.36 

16 SiOj 

49.82 

50.36 


100.00 

100.00 

100.00 

100.00 

100.00 



Theory. 

4 





3 K 3 O 

14.43 

13.72 





2.5 MgO 

5.12 

4.94 





6 AI 2 O 3 

31.32 

31.80 





16 SiOa 

49.13 

49.19 






100.00 

99.65 




Theory. 

3a 

3b 

3o 

1.5 KjO 

7.28 

7.75 

6.42 

7.32 

4 CaO 

11.57 

11.07 

12.14 

10.99 

6 Alfia 

31.60 

30.91 

31.20 

31.00 

16 SiOj 

49.55 

50.27 

50.24 

50.79 


100.00 100.00 100.00 100.10 


Theory. 

3d 

Theory. 

3 

2 K^O 

9.61 

8.81 

2.25 K 2 O 

10.76 

10.87 

3.5 CaO 

10.02 

10.10 

3.25 CaO 

• 9.26 

. 0.22 

6 AI 2 O, 

31.29 

31.03 

6 AI 2 O 3 

Shi'S 

30.64 

16 SiOa 

49.08 

50.06 

leSiOa 

48.85 

49.23 * 


100.00 

100.00 


100.00 

99.96 


THE TOPAZ GROUP 


S5S 


The Topaz Group 

The following analyses of the Topazes conform to compounds of the type 
A 1 • si - A1 = 6 AI2O3 • 6 SiO^ 
and to the following formulae : 


(a) SigAlijOas Mg, 

(b) SigAl;j 2 ^^- 5 ^ 9 > 

(c) SigAl;i 2^25 ^] 0 > 

(d) SigAli 2024 - 5 Flii, 

(e) SigAl]^2^24 ^ 12 * 


1 SiOa 

AJjO, 

Fl 

Total 1 

ScmK» 

Aialyit 





(a) SigAl 22 O ggPlg. 


Theory 

33.97 

57.74 

14.34 

106.05 



. 

I 

34.24 

57.45 

14.99 

107.37 

Schneckeostein 

Berzelius^ ** 

XII 

34.36 

57,74 

15.02 

107.12 

Tinho 

B«rz©lios® 

XXII 

34.01 

58.38] 

15.06 

107.45 

Brazil 

Beraehos® 





(h) SigAlj^O^s'sElfiv 


Theory 

33.62 

57.14 

15.97 

106.73 

— 

— 

XXIV 

33.73 

57.39 

16.12 

107.24 

Brazil 

Rammelsberg* 

XXV 

33.15 

57.01 

16.04 

106.20 

Pikes Teak 

Hiilebrmad* 





(c) Si^Al 1^2^25^^ 1 ft* 


Theory 

33.25 

56.55 

17.56 

107.36 

— 

— 

IV 

33.35 

56.53 

17.69 

107.57 

Altenherg 

Klemm* 

v 

33.23 

56.20 

17.37 

106.80 

Altenherg 

Klemm^ 

VI 

33.38 

56.32 

17.26 

106.96 

Alt^herg 

Klemm* 

XIV 

33.72 

56.10 

17.20 

107.02 

Finbo 

Kl^emm* 

XV 

33.57 ' 

56.30 

17.00 

106.87 

Finbo 

Klemns^® 

XVI 

33k64 

56.24 

17.12 

107.00 

Finbo 


xvni 

33.68 

56.36 

17.11 

107.15 

Miask 


XIX 

33*19 

56.72 

17.09 

107.00 

Minsk 

Klecnm^* 

XXI i 

33.24 

57.02 

17,64, 

108.73 

Tasmania 

Sommerland^* 





(d) SieAl22024-5Jlj2. 


Theory 

32.93 

55.97 

19.12 

108.02 

— 

— 

III 

33-53 

56.54 

18,62 

108.69 

Schneekenstem 


X 

32.28 

55.86 

18.28 

106.42 

Ziimmild 


XI 

33-27 

56.76 

18.54 

108.67 

Schlaggmwald 

Riymmebherg^^ 

XX . 

33.56 

56.28 

18.30 

106.14 

Adun-IMnlon 

EalfflMfelwig* • 


Ref ©raic^ to^ tie Literatui© ar© gi^ea €®i p. 43S # 
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THE EPIDOTES 


The Epidotes 


The following analyses of tho Epidotes conform to compounds of the type 
Si- Al- AVSi= OAljOa* 12.Si()., 


or to the general formula 


4 H 4 O • 16 CaO 

(a) . 

(b) 4 HjiO 

(c) 


4 H/) 

2 * 

4Hj,0 
(d) 4 H^O 
4 HjO 
4 HjO 
4HjO 
4 H,0 
4 HjO 


(e) 

(f) 

(g) 

(h) 

(i) 


■ 2 (0 11,03 
16 C'aO • 

16 CaO 
16 CaO 
16 CaO 
16 CaO 
16 CaO - 3.25 FfjO, 
16 CaO 
16 CaO 
16 CaO- 4 Fe ,03 


12 SiO,) 
2Fe,03 
■2.2r>Fe,03' 

■ 2.5 Fe,/)*- 

■ 2.75 Ff-jO, 
3 hcjO, ' 


3.5 F.-jO, 
3.75 F.-jO, • 


(12 

RsOt 

mFcjOg 

10 

AI 3 O 3 

24 810 ,. 

0.75 

AI 3 O 3 

24HiO,. 

9.5 


24 HiO,. 

9.25 


24 SiO,. 

9 

AI 3 O 3 

24 810 *. 

8.75 

AljOa 

24 8 iO,. 

8.5 

AUO, 

21 8 ( 0 *. 

H.25 

AI 3 O 3 

24HiO*. 

H 

AI 3 O 3 ■ 

24 8 iO, 





1 810, 

1 A1,0, 

*■6,0, 

j m) 

1 H,0 

j 


(a) 4 H3O • 16 CaO 

2 F(.*()* • 

Theory 

38.44 

27.21 

8.54 

23.90 

1.91 


in 

39.18 

26.62 

8.21 

23.89 

2.20 


XVI 

38.42 

26.62 

8.72 

23.00 

2.10 


XVII 

38.43 

26.18 

8,77 

24.13 

2,4« 


XX 

37.66 

27.36 

8.00 

23.90 

2.33 


XXI 

xxn 

XLIV 

38.08 

38.28 

37.92 

27.74 

27.53 

27.00 

8.27 

8.00 

9.10 

23.53 

22.87 

22.81 

i 2.94 
12.41 
2.92 



(b) 4 H,0 - 16 CaO 

■ 2.25 Fe,0, • i 

Theory 

38.28 

26.43 

9.57 123.81 

IJt 

1 

XIV 

37.90 

26.35 

9,71 

23,77 

2.02 

1 

XV 

38.13 

26.42 

9.74 

23.30 i 2.02 


XXXIV 

37.87 

24.72 

9.90 123.10 

2.82 

030 t 


(c) 4 H*0 - 16 CaO 

• 2.5 Fe/),- 

Theory 

xni 

XLI 

38.13 
38 J9 
38.84 

25.65 

25.75 

25.45 

10.50 

0.00 

10.88 

23.72 

23.70 

22.02 

L9I 
2.95 
2.4 1 

O.lll M«C1 


(d) 4 H,0 • 16 CaO 

■ 2,7S Fe,0, ■ { 

Theory 

Lin 

LIX 

38.00 

37.47 

38,20 

24.0(1 
24,00 
24.62 ' 

IL00 

lo.ici 

1120 

23.62 I t.HH ; 
22.10 12.24 
21,50 2.16 

2JI 

0j7iiiici': 


(e) 4H*0- 16CaO 

3 Fe,0, ■ 

Theory 

37 J4 

24,12 , 

12.01 123.54 i 

LS9 

*.«* 1 

VIII 

IX 

XXXII 

XXXVII 

38J0 
36*90 
38.2i 
37 J2 

23. OH , 
24.30 1 
24,75 
22.85 

1134 1 
12.40 
11,07 
11.50 

24.17 
23.54 
23 J3 
22.13 

iJi 

2.01 

2J« 

2J3 

OM 

OM 

IM 


Ttiifti 






10 AI 3 O 3 - 24 Hllif 


IWJM) 

umM 
m.-m 
mi 7r> 


7Mpimi 
HmU'fulmm 

VMVf^rtUrm 
Fiirgmi 

75 • 24 HiO*. 


|4im» 


WMl 

mMt 

imiin 


Unitmmmu 

lillltlil-lfWtt 

Mmiilfyifl 


9.6 A1,0, - 24 SiO, 
mtou 1 

loom ; ciuttimiMn 
IW} 20 ; AmM 

0/M AiJh ' 21 mOi 


illwMteM 


lElilitef** 


mitm 

mM 


MMimmkid 


it.iiij liow«» Mii«. 

I> AI|0, » 24 iiC),*. 

mm I 

Wi iiililmiliSal 

I ini Sultt^lil^ 

iW Si i 

ti.iM AiwidW 


k. €1. 


I 




555 




THE GRANITES 



SlOa 

AlaOa 

FeaOa 

CaO 

HaO 

FeO 

Total 

Source 

Analyst 



(f) 4 

H,0 

• 16 CaO 

• 3.25 FeaOg • 8.76 Al^Oj • 24 SiO,. 

Theory 

37.70 

23.37 

13.60 

23.451 1.88 


100.00 



— 

IV 

38.37 

22.09 

13.77 

22.90 

2.11 


99.24 

Sulzbachtal 

V. Drasche^® 

VI 

37.83 

23.43 

13.31 

23.47| 2.06 

0.48 

100.58 

Sulzbachtal 

Ludwig*® 



(g) 4 

H,0 

• 16 CaO 

• 3.6 FcjOs • 8.6 AI 2 O 3 • 24 SiOj. 

Theory 

37.66 

22.61 

14.60 

23.36 

1.88 


100.00 

— 

— 

V 

37.83 

22.63 

14.02 

23.27 

2.05 

0.93 

100.73 

Sulzbachtal 

Ludwig*^ 

XXX 

36.71 

22.61 

14.47 

23.67 

1.92 

0,62 

100.00 

“Bourg d’Osians” 

Laspeyres** 

L^II 

37.04 

22.99 

14.19 

24.09 

2.16 


100.47 

Hereroland 

Wulf*® 



(h) 4 

H 2 O 

• 16 CaO 

• 3.76 Fe^Oa • 8.26 Al^Og • 24 SiO^. 

Theory 

1 37.401 

121.86! 

1 15,591 

23.28 

1.87 


100.00 



— 

VII 

137.11 

I 2 I. 90 I 

1 16,00| 

23.19 

2.03 


100.23 

Sulzbachtal 

Rammelsberg * * 



(i) 4 

H 2 O 

• 16 CaO 

• 4 FejOs 

• 8 AI 2 O 3 • 24 SiOj. 


1 Theory 

37.27 

21,11 

16.56 

23.19 

1.87 

— 

100.00 

— 

— 

: XXIII 

37.65 

20.64 

16.50 

22.32 

2.06 

0.49MnO 

100.12 

Traversella 

Scheerer*® 

XXVIII 

37.56 

20.78 

16.49 

22.70 

2.09 

0.29 MgO 

99.91 

“Bourg d’Osians” 

Scheerer*® 

XXIX 

37.35 

22.02 

15.67 

22.54 

2.36 

— 

99.93 

“Bourg d’Osians” 

Stockar-Esoher * 

XXXVII 

38.76 

20.36 

16.36 

23.71 

2.00 

0.44 MgO 

101.67 

Arendal 

Rammelsberg*® 

XL 

37.50 

20.73 

16.57 

22.64 

2.11 

0.41 MgO 

100.05 

Arendal 

Scheerer®* 


The Granite Group 

A number of Granites examined by K. H. Schneer may be expressed by 
the general formula ; 

18 EO • 6 RjOj • 18 SiOj and 16 RO • 6 RjOg • 16 SiO* 
as may be ascertained from the following Table : 
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The 


The following analyses of th« 

(a) Si • A1 • Si ■ A1 * Si — 6 AljOj ■ 15 SiO^t 

(b) Si • A1 • Si • A1 • Si = 6 AljOj ■ 16 SiO*, 

(a) Me«olit<*H of (ho typo 
Si • A1 * Si ■ A1 • Si =® fi AljOg * 15 SiOj, 


— 



j B&mm ; 

1 Mmif-ft 

1 

9 MO • 2 (6 AljO, ■ 16 SiO,) • 36 H,0 

9MO=3Na,0-6CaO 

Antrimcilitii 

IlOflgUUft 

TIlfifMlltl 

2 

11 MO - 2 (6 A1,0, • 15 SiO,) - 26 H,0 

llMO=6Ne,0-6CaO 

Eisenach 



(b) M<»olit<*« of the tyjxj 
Si -Al ■ ^i * -^1 • Si 6 AljOj * 16 HiO$ 


1 

1 


ieurM 

j 

3 

10 MO • 2 (6 A1,0, • 16 SiO,) 30 H,0 

10MO=4Na,O-6CaO 

Sandy Cow, H»ll, ; 

Mwrih 

1 

4 

1 1 MO • 2 (6 A1,0, • 16 SiO,) 40 H,0 

llMO»5Na,OOCaO 

Caranja III© 


6 

12 MO • 2 (6 A1,0, - 16 SiO,) 24 H,0 

12M0=4Na,0-8Ca0 

Ha^rringtanite 

1 Thnfiiiiori 

1 


(c) Meaolites of the type 
Si • Al ■ Si • il • Si - 6 A1,0, • 17 SiO, 





ictmt 


6 

9 MO ■ 2 (6 A1,0, • 17 SiO,) • 32 H,0 

9M0=2N8,O-7CaO j 

XoelMid 

Ftielii A 0#y©ti 

7 

11 MO • 2 (6 A1,0, • 17 SiO,) ■ 30H, 0 

llM0*4Na.0-7C80 

! 

leekiKl 



(d) Mesoliti'N of the tyjMi 

SV Al ' Si • Al • Si - 6 AljOj • 18 SiO, 





rnmm 

8 

12 MO- 2(6 AI 2 O 3 - 18 SiOa) • SOHaO 

12M0=«4Na30-8Ca0 

Hi©d«rkirckii 

9 

>> » 9f 99 

99 99 99 

Tirol 

10 

99 99 99 99 

99 99 9t 

AaMmollt© | 

11 

99 99 99 99 

99 99 99 

B«ngttfi# 1 

12 

99 99 99 99 

99 99 99 

Siy# 

13 

99 99 99 99 

99 99 99 

Sky# 




j 

lFttClw4Clriil*«l 

I HwWto 

j Ilrtitlln 

i IftifMli^ 
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iVdCesolites 

Ikdesolites conform to the following types : 

(o) Si • A 1 ■ Si • Al • si == 6 AljjOg • 17 SiO^, 

(cL) ^i • Al • Sl • Al • Sl = 6 AI2O3 • 18 SiO*. 

or the general formula 

irx MO ■ 2 (6 AljOg • 15 SiO^) • n H^O. 



SiOi 

AlaO, 

CaO 

NaaO 

HaO 

MerO 

Total 

Theory 

42.92 

29.18 

8.01 

4.43 

15.46 


100.00 

VII 

43,47 

30.26 

7.60 

4.10* 

15.32 

0.19 FeO 

100.94 

Theory 

43.50 

29.57 

8.12 

7.49 

11.31 



100.00 

II 

43.83 

29.04 

7.84 

7.80 

11.76 

— 

100.26 


01* the general formula 
m MO • 2 (6 AI3O3 - 16 SiO*) • n H3O. 



SIO, 

AlaOa 

CaO 

NaaO 

HaO 

MgO 

Total 

Theory 

XXXII 

44.98 

28,68 

7.87 

5.81 

12.66 



100.00 

45.39 

28,09 

7.65 

5.28 

12.71 

0.49 KjO 

99.61 

Theory 

XXXIX 

42.68 

27.14 

7.46 

6.87 

16.96 

— 

100.00 

42.70 

27.60 

7.61 

7.00 

14.71 

— 

99.62 

Theory 

44.95 

28.65 

11.21 

6.80 

10.11 



100.00 

XI 

44.84 

28.48 

10.68 

5.56 

10.28 

— 

99.84 


or the general formula 

XXX MO • 2 (6 RjOj • 17 SiOj) • n H3O. 



SiOa 

Al,0, 

CaO 

Na,0 

HaO 

MgO 

Total 

Theory 

XXVI 

46.83 

28.10 

9.00 

2.84 

13.83 

___ 

100.00 

46.58 

27.57 

9.10 

3.64 

13.17 

0.08 

100.14 

Theory 

46.90 

27.54 

8.82 

5.58 

12.16 



100.00 

XXIII 

46.78 1 

27.53 

9.00 

5.03 

12.30 

0.31 K^O 

100.13 


or the general formula 

m. MO • 2 (6 AljOs - 18 SiOg) • n HgO. 



810 a 

AliOa 

C&O 

NaaO 

HaO 

MgO 

Total 

Theory 

40.70 

26.49 

9.70 

5.37 

11.68 



100.00 

I 

46.65 

27.40 

9.26 

4.91 

12,00 



100.22 

V 

46.04 

27.00 

9.61 


12.36 



100.21 

VIII 

47.07 

26.23 

9.88 

4.89 

12.24 



100.31 

IX 

45.98 

26.18 


4.54 

13.00 



100.48 

XIII 

46.70 

26.62 

9.08 

5.39 

12.83 



100.63 

XIV 

46.72 

26.70 

8.90 

5.40 

12.92 

— 

1 100.64 


♦ Betanniiied by Thomaon as K*0. 



358 


THE CLINTONITES 





Source 

Analyst 

14 

12M0*2(6Al203-18 SiO2)-30H2O 

f9 99 

12MO=41fajO -SCaO 

ft ff ft 

Skye 

Heddle 

15 

9 * if if if 

ft t* ff 

NaalsjO 

Berzelius 

16 


99 99 99 

NaalsjS 

Heddle 

17 


ft ft ft 

NaalsjC 

Fuchs and Gehlen 

18 



NaalsjS 

Durscher 

19 



StromO 

E. E. Schmid 

20 


ff ft ft 

Berufjord 

S. V. Waltershausen 

21 

99 99 99 99 

ff ft ft 

Iceland 

Fuchs and Gehlen 

22 

99 99 99 99 

ft ft ft 

Iceland 

Fuchs and Gehlen 

23 

99 99 99 99 

ft ft ft 

Iceland 

E. E. Schmid 

24 

99 99 99 99 

ft ft tt 

Iceland 

Lemberg 

25 

99 99 99 99 

ft ft ft 

Port George, N.S. 

How 

26 

99 99 99 99 

ft ft ‘ft 

Port George, N.S. 

How 

27 

99 9^ 99 99 

ff ft ft 

Cape Blomidon 

Marsh 

28 

99 99 99 99 

tf ft ft 

Atacama, Chili 

Darapsky 

29 

14MO-2(6 Al203-18Si02)-44H20 

14MO=3Na20-llCaO 

Fritz Island, Pa. 

Sad tier 


The 

The following analyses of the minerals of the 


A. R • Sli • K = 

B. R • S'i • Sl • R = 

C. • sl • = 

D. • Si • si • = 

E. Si • R • Sl • !R • Si = 

F. Sl • • Si • • Sl = 


SRaOg- eSiOj, 

5 RaOj • 12 SiOa, 

6 RjOj • 6 SiOj, 

6 R 2 O 3 • 12 SiOj, 
6 R A • 16 SiOj, 
6R2O3 • ISSiOa- 


A. Compounds of the type 
R • & • R = 5 R 3 O 3 • 6 SiOa 





Source 

Analyst 

1 

12MO-2 (5 AIj0,-6Si0j)-12H,0 

12M;0=8Fe0-4Mg0 

St. Marcel 

Kobell 

2 

I3MO-2 {6 AljOj-e SiOj)-9 HjO 

13MO = 10FeO-2.6 MgO-0.6MnO 

Leeds, Canada 

Hunt 


B. Compounds of the type 
R • si • Si • R = 5 R 3 O 3 • 12Si02 





Source 

Analyst 

3 

13MO-2(5 AI, Os-12 SiOj)-llHjO 

13MO==9.25 FeO-3.75 MgO 

St. Marcel 

Bamour 
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SiO, 

A1,0. 

CaO 

NaaO 

H 2 O 

MgO 

Total 

Theory 

46.76 

26.49 

9.70 

5.37 

11.68 



100.00 

XV 

46.26 

26.48 

10.00 

4.98 

13.04 

— 

100.76 

XVII 

46.80 

26.50 

9.87 

5.40 

12.30 



100.87 

XVIII 

46.80 

26.46 

9.08 

5.14 

12.28 



99.76 

XIX 

47.00 

26.13 

9.35 

5.47 

12.25 



100.20 

XX 

47.50 

26.10 

9.15 

4.57 

12.80 



100.12 

XXI 

47.40 

27.05 

9.16 

4.69 

12.69 

0.06 

101.05 

XXII 

46.41 

26.24 

9.68 1 

4.46 

13.76 

0.01 

100.97 

XXIV 

46.78 

25.66 

10.06 

4.79 

12.31 



99.60 

XXV 

47.46 

25.35 

10.04 

4.87 

12.41 

— 

100.13 

XXVII 

47.13 i 

26.52 

10.36 

4.50 

12.59 

j 

101.12 

XXVIII 

45.96 

26.69 

9.48 

5.09 

12.78 



100.00 

XXIX 

46.66 

26.48 

9.63 

4.83 

12.25 



99.85 

XXX 

46.71 

26.68 

9.55 

5.68 

11.42 



100.04 

XXXI 

45.89 

27.55 

9.13 

5.09 

12.79 

0.48 K 2 O 

100.93 

XXXVI 

46.74 

25.99 

9.11 

5.23 

12.41 

— 

99.48 

Theory 

43.39 

24.59 

12.37 

3.73 

15.92 


100.00 

XXXIII 

43.29 

25.02 

12.15 

3.40 

16.01 

— 

99.87 


Clintonite Group* 

Clintonite group conform to the following types ; 


/S 

G. SM 

\R 

H. R • Sl 

/R 


= 7.5 R2O3 

R • SV R = 8 R2O3 


6 SiOa, 
12 SiOa, 


j — 9 R 2 O 3 ’ ^ Si02, 

K. R • • R • Ri ■ R = 9 R3O3 • 12 SiOj. 

or the general formula 
m MO • 2 (5 R2O3 • 6 Si02) • n HgO. 



SiOt 

AlaO, 

Fe.0. 1 

PeO 

MnO 

MgO 

OaO 

HaO 

Total 

Theory 

IX 

26.74 

25.75 

37.89 

37.50 

— 

21,40 

21.00 


5.94 

6.20 

— 

8.03 

7.80 

100.00 

98.25 

Theory 

XXXI 

26.12 

26.30 

36.99 

37.10 


26.11 

25.92 

1.28 

0,93 

3.62 

3.66 



5.88 

6.10 

100.00 

100.01 


or the general formula 
m MO • 2 (5 R2O3 • 12.Si02) • n HgO. 


! 

SiO, 1 


* PeaO, 

PcO 

MnO 

MffO 

CaO 

HaO 

Total 

Theory 

26.23 

37.27 



24.27 

— 

5.11 

— 

7.22 

100.00 

XI 

25.50 

38.13 

— 

23.58 

— 

5.19 

— 

6.90 

99.30 


Known in (xermany as the Spr5dgliimner or "‘brittle micas.” 


360 


THE CLINTONITE GROUP 


C. Compound 
R • Si • R = fl 





4 

10 MO • 2(6 R2O3 • 6 SiOg) • 10 H^O 

10 MO =7 FeO- 3 MgO 

• 12B203=8.75 AI2O3 • 3.25 FeaO, 

6 

11 MO • 2(6 R2O3 • 6 SiOa) • 10 H^O 

11 MO=6 MgO • 5.5 FeO • 0.5 CaO 
- 12 Rj 03=11.25 AljOa • 0.75 FejOa 

6 

11 MO • 2(6 II2O3 * 6 SiOa) • 10 H^O 

11 MO =4.75 MgO • 0.25 MnO • 5.6 FeO 
• 0.5 CaO • 12B203=11.6 AI2O3 - O.SFejOj 

7 

11 MO • 2(6 AI2O3 • 6 SiOg)* 12 H2O 

llMO=llFeO 

8 

12M0-2(6Al203-6Si02) 

12MO=12FeO 

9 

12 MO • 2(6 AI2O3 * 6 SiOa)- 10 HjO 

12MO = 11.5FeO-0.5H3O 

10 

12 MO • 2(6 A1203* 6 SiOg) * 10 H2O 

12 MO = 10.5 FeO • 1.5 MgO 

11 

12 MO • 2(6 AlaOa* 6 SiOg) • 12 HgO 

12MO=7.75 FeO • 4.25 MgO 

12 

12 MO • 2(6 AlgOa- 6 SiOo) * 12 HgO 

12MO=9.75FeO-2.26MgO j 

1 

13 

13 MO • 2(6 AlaOg- 6 SiOa) * 12 HgO 

13 MO=11.75 FeO • 0.75 MgO • 0.25 MnO 
- 0.25 CaO 

14 

13 MO • 2(6 AlaOa* 6 Si02) • 12 HgO 

13 MO=11.75 FeO • 0.75 MgO • 0.25 MnO 
• 0.25 CaO 

15 

13 MO • 2(6 AlgOj- 6 SiOg) • 12 HgO 

13 MO =7.5 FeO • 0.5 MnO • 5 MgO 

16 

15 MO • 2(6 AlaOs- 6 SiO^) • H H2O 

15MO=12FeO •3MgO j 


D. Compourttl 

• gi • si • =fl 




1 

17 

10 MO-2(6 B30j- 12 Si03)-8 HjO 

10 MO =6 FeO • 3 MnO • 0.5 MgO 
•0.5 CaO • 12 R203 = 11 Al^Og • 1 FegOg 

18 

19 MO-2(6 A1303-12 Si03)-14 HjO 

19 MO =15.5 FeO • 3.5 MnO 1 


E. Compouniii 
Si • a 1 • Si • Ai- S = 6 ^ 


19 


13 MO-2(6 AljOa-16 Si02)-12 HjO 


13MO = 12.5FeO • 0.5 MgO 


ffc4 

Vlffii 
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or tho general formula 
m MO • 2 (6 R4O3 - 6 SiO^) • n HjO. 


iamlfit 

J 

RKh 1 

AI 3 O 3 

FejOa 

FeO 

MnO 

MffO 

CaO 

HaO 

Total 

liermariB 

Thoory I 

24.52 

30.39 

17.71 

17.17 



4.08 

— 

6.13 

100.00 


XXVI j 

24.54 

30.72 

17.28 

17.30 

— 

3.76 

— 

6.38 

99.97 

Suidft 

Theory ! 

25.79 

41.11 

4.29 

14.19 

— 

7.16 

1.00 

6.46 

100.00 

X 

2fL03 

42.33 

4.09 

14.32 

— 

7.30 

0.36 

6.66 

100.98 

ilcddle 

ThcKiry 

25.91 

42.21 

2.87 

14.05 

0.64 

6.84 

1.00 

6.48 

100.00 

xxi 

25.30 

41.74 

3.90 

13.93 

0.92 

6.82 

0.90 

6.67 

100.14 

Delesse ' 

Theory 

24.39 

41,47 

— 

26.83 

— 

— 

— 

7.31 

100.00 

VIII 

24.10 

40.71 

— 

27.10 

— 

— 

— 

7.24 

99.16 

Erdmann 

Tlioory 

25.64 

43.59 

— 

30,77 

— 

— 

— 

— 

100.00 

XXIV 

24,90 

43.B3 

— 

31.21 


— 

— 

— 

100.00 

Smitii 

Theory 

24.41 

41.50 


27.69 


— 

— 

6.40 

100.00 

XXVIH 

24.10 

39.80 

— 

27.65 

0.30 

(KaO+NaaO) 

— 

6.60 

98.26 

licinard 

Theory 

24.59 

41.78 


25.45 

— 

2.05 

— 

6.13 

100.00 

XIII 

24.90 

40.30 

■ — 

26.17 

— 

2.54 

— 

6.23 

100.23 

Damour 

Theory i 

24.93 

42.38 ' 

— 

19.33 

— 

6.88 

— 

7.48 

100.00 

VI 1 

24.40 

,42.80 

— 

19.17 

^ — 

6.17 

— 

6.90 

99.44 

A. Bipmz 

Thoory 

IV 

24.39 

24.90 

41.40 

40.99 

0.55 

23.78 

24.28 

— 

3.06 

3.33 

— 

7.32 

7.82 

100.00 

101.87 

L. Smith 

Theory 

23.47 

39.90 


27.68 

0.58 

0.98 

0.46 

7.03 

100.00 

XXIX 

23.94 

39,52 


28,06 

0,52 

0.80 

0.46 

7.08 

100.36 

h. Smith 

ThfKiry 

23.47 

39.90 


27.58 

0.58 

0.98 

0.46 

7.03 

100.00 

XXX 

23.20 

40.21 


27.25 

— 

0.95 

0.83 

6.97 

99.41 

Hiiddlij 

Theory 

XX 

24.53 

24.47 

41.70 

41.34 

0.38 

18.40 

18.62 

1.21 

0.91 

6.81 

6.80 

0.30 

7.36 

6.98 

100.00 

99.70 

Kobidl 

Theory' 

xxvn 

23.03 

23.01 

39.15 

40.20 


27.04 

27.40 

— 

3.84 

3.97 


6.34 

0.34 

100.00 

100.98 


or tilt! general formula 


m MO • 2 (6 RjOg - 

I mo, j 

Tlif^ry 40.52 
XVIII 40-5ri 

Tli«orf SS.II4 
XXXII 33.20 


12 SiOj) • n HjO. 


A1,0, 1 

F«.0. 

r«o 

MuO 

MgO 

OaO 

H»0 

Total 

3L5S 

4.50 

11.99 

5.99 

0.57 

0.79 

4.06 

100.00 

30.80 

3.82 ‘ 

12.46 

6.51 

0.45 

1.29 

4.12 

100.00 

2S.69 

29.00 

mmm, 

26.07 

25.93 

5.81 

6.00 

0.24 

— 

6.89 

6.60 

100.00 

99.97 



or the general formula 

ra MO ' 2 (6 R/)s - 16 BiO*) • n H^O. 


Tliffory 

XII 


I m(Pt 

\ 44.li7 
! 44.70 


A 1 . 0 . ^ 

i iiaOg F©0 

28.60 i 

29.71 i 

" 21.03 

1 — 20.76 
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P. Compounds of the type 
Si • R - Sl • R • Si = 6 R2O3 • 18 SiOis 





Source 

Analyst 

20 

17 MO-2(6 AljOs-18 SiOj)-16 HjO 

17 MO = 1 1.5 FeO • 5.5 MnO 

Ottr6 

1 Damour 

21 

17 MO-2(6 AhO,-18 SiO^l-ie HjO 

17 MO = 11.5 FeO • 5.5 MnO 

Ottr6 

Damour 


G. Compounds of the type 


/R 

S"i^R = 7.6 RjOg • 6 SiOj 
^R 



1 

1 

Source 

1 Analyst 

22 

29 MO-2(7.6 RjOs-eSiOa) 

29MO=19.75MgO-8.25CaO-l FeO 

Manzoni 

SipCcz 


•I 2 H 2 O 

•15 EjOj= 14.5 AIJO 3 O .5 FejOs 

i 



H. Compounds of the type 
R • s'! • R • Sl • R= 8 RaOs • 12 SiO* 





Source 

Analyst 

23 

12 M 0 - 2 ( 8 R 203 * 12 Si 02 ) i 
•I 2 H 2 O 

12MO==10FeO-2MgO 
-leBaOs^ll AlaOa-S Fe^Oa 

Natic, Rh. 
Island 

Hermann 

24 1 

24M0*2(8Al203*12Si02) 

•I 4 H 2 O 

24 MO =24 FeO 

Natio, Eh. 
Island 

Whitney 


J. Compounds of the type 

A 

R 

= 9 R3O3 • 6 SiOji 

^R 





Source 

Analyst 

26 

30MO*2(9RaO3*6 SiOa) 
• 6 H 2 O 

30 MO=21.5 MgO- 8.6 CaO 
•18 RaOa^lT.S AlaOj-O-S FeaOa 

Ural 

G. Wagner 

26 

30MO*2(9R2O8-6SiO2) 

• 6 H 2 O 

30 MO= 21.6 MgO- 8.6 CaO 
•18 R208=17.6 AI 2 O 3 -O .5 FeaOg 

Ural 

0. Schieffer- 
decker 


K. Compounds of the type 

R • Si - R • Si • R = 9 RA • 12 SiOa 





1 Source 

Analyst 

27 

20 MO-2(9 AljO,-12 SiOj) 
•24HjO 

20 MO = 15.5 FeO- 3.5 MgO 
•0.6 MnO • 0.5 CaO 

Kaisersberg 

V. Foullon 

28 

22M0-2(9Al203-12Si02) 

•I 6 H 2 O 

22MO=21FeO- IMgO 

Hetzsohen 

Schroder 

29 

25 MO-2(9 AI«03-12Si02) 

• -20 H,0 

25 MO= 19.6 FeO • 5.6 MgO 

Kossoibrod 

BonsdorflE 
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or the general formula 
m MO » 2 (6 R2O3 - SiOg) - n 



SiO, 

Al.Oa 

FeaO, 1 

FeO 

MnO 

MgO 

CaO 

HaO 

Total 

Theory 

44.16 

25.04 



16.93 

7.98 





1 6.89 

100.00 

XIV 

43.62 

23.89 

— 

16.81 

8.03 

— 

— 

j g.63 

97.88 

Theory 

44.16 

25.04 

— 

16.93 

7.98 

— 



1 6.63 

100.00 

XV 

43.34 

24.63 

— 

16.72 

8.18 

— 

— 

1 6.66 

98.53 


or t-lie general formula 


m MO * 2 (7,5 R^Oa • 6 SiOg) * n H^O. 



SiOt 

AJaOa 

FeaO, 

FeO 

MnO 

MgO 

C3aO 

HaO 

I’ Total 

Theory 

11* 

! 18.95 

1 18.75 

38.94 

39.10 

2.10 

3.24 

1.89 

1.62 

— 

20.80 

20.46 

12.16 

12.14 

5.16 

5.35 

1 100.00 
i 100.66 


or the general formula 
m MO • 2 (8 R2O3 • 12 SiOg) * n H^O. 



SiOt ! 

AlaO, 

FeaOt 

FeO 

MnO 

MgO 

CaO 

HaO 

Total 

Theory 

32.89 

25.63 

18.28 

16.45 



1.82 



4.93 

100.00 

XXXIV 

32.68 

26.38 

18.95 

16.17 

— 

1.32 

— 

4.60 

100.00 

Theory 

28.51 

32.30 

— 

34.20 

— 

— 

— 

4.99 

100.00 

XXXIII 1 

28.27 

32.16 

— i 

33.72 

— 

0.13 

— 

6.00 i 

99.28 


or the general formula 


m MO - 2 (9 R2O3 • 6 SiO^) • n H2O. 



SlOa 

AlaOa 

FeaO, 

FeO 

MnO 

MgO 

CaO 

HaO 

Total 

Theory 

viit 

17.87 

17.42 

44.30 

44.18 

1.99 

3.63 



— 

21.36 

20.61 

11.81 

11.95 

2.68 

2.61 

100.00 

100.30 

Theory 

Vint 

17.87 

17.70 

44.30 

43.60 

1.99 

2.90 

— 

, 

21.36 

20.90 

11.81 
11.60 , 

2.68 

2.60 

100.00 

99.10 


or the general formula 
m MO * 2 (9 R2O3 ‘ 12 SiOg) * n HgO. 



SiOs 

AlaOa 

FeaOt 

FeO 

MnO 

MgO 

CaO 

H,0 

Total 

Theory 

28.64 

36.62 



22.20 

0.71 

2.78 

0.56 

8.69 

loO.do 

II 

28.48 

36.86 

— 

21.88 

0.97 

2.80 

0.59 

8.Q9 

100.36 

Theory 

28.15 

35.89 



29.56 

— 

0.78 

— 

5.63 

100.00 

1 

28.04 

36.19 

— 

29.79 

— 

I 1.25 

0.20 

6.88 

100.35 

Theory 

27.38 

34.91 

— 

26.69 

— 

4.18 

— 

6.84 

100.00 

XXII 

27.48 

35.67 

— 

27.05 

0.30 

1 4.29 

— 

6.95 

101.64 


♦ Brandisite t Xanthophyllite 
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The 


The foUowiag analyses of the minerals of the 


A. 

B. 

C. 

D. 

E. 


Si • R • Si = 3 RgOs • 10 SiOj, 
Si • R • Sl = 3 R2O3 - 12 SiOa, 


R^Sl = 3 R2O3 • 15 SiOa, 
^Si 

R;~Si = 3 R3O3 ■ 18 Si02i 

^Si 

E • Sl - R = 5 RgOs • 6 SiOa, 

A. Mica of the type 
Si • • Si = 3 R2O3 • 10 SiOs 






Source 

1 

20MO-2(3R203-10 SiOa) 

• 6 H^O 

20 MO= 16.5 MgO • 3.6 KjO 
• 6 E208=4.6 AljOj - 1.5 Fe^Os 

Biotit© 

Chester, 

Mass. 


B. Mica of the type 
Sl • R • 81= 3R2O3 • 12SiOj 




! 


Source 

2 

6 MO • 2 (3 R 2 O 3 • 12 SiOa) 

6 MO = 1.5 FeO -2 MgO -2 KjO -O.SlTajOj 
• 6RjOa=5AljO3-lV203 

Roscoe- 

lit© 

Colorado 

' 3 

28 MO -2 (3 Ra03-12 SiOj) 
• 6 H 2 O 

28 MO=23 MgO • 2 FeO • 3 KaO 
• 6E203=5.5 AlaOa • 0.5 Fe^Os 

Biotit© 

Moravicza 

4 

32MO -2(3^03 *128102) 

• 2 H 2 O 

32 MO=26.5 MgO • 2.5 iCjO - 3 NajO 

99 

Edwards, 

N".S. 


C. Mica of the type 

. A 

R^i = 3 R2O3 • 15 SiOj 
^Si 






Source 

5 

15 MO • 2 0 B,Oj • 16 SiOj) 
• 20 H 8 O ■ 

15MO=15MgO 1 

• 6 E20,=3.5 FeA • 2.5 AljO, 

Biotite 

Vermont 


D. Mica of the type 
fe^i = 3 RjOj • 18 SiOj 






Sotuce 

6 

39 MO -2(311208-18 8102) 
• 6 H 2 O 

39MO=32MgO-7B:jO 
• 6 Ej 03=3 A-ljOa - 3 FejO* 

Biotite 

[Herscheaberg 

7 

47M0 -2 (3.^803 • ISSiOg) 
• 1 H 2 O 

47 MO=3 FeO • 17 MaO • 21 MgO 
•3 CaO - 3 KjO 

99 

Pajoberg 
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Mica Group 


Mica group conform to the following types : 


p. 

sl • 

R 

• R • 

Si 


= 5RP3- 

12 

SiOj, 

G. 

• 

R • 

Sl • ! 

R • 

sl 

= 5 ^ 2^3 ‘ 

18 

SiO^, 

H. 

• 

Si 

• R 



= 6 R 2 O 3 ‘ 

6 

SiOa, 

J. 

Si • 


• 1 ^ • 

Si 


= 6 ^2^3 

‘ 10 

SiOj, 

K. 

Si • 

]R 

•]&, • 

Si 


= 6 I1'203 ‘ 

‘ 12 

SiOa, 

L. 

Si • 

:r 

■ Si • 

R 

■ si 

= 6 ^2^3 

• 16 

SiOj, 

M. 

Si • 


-Si- 

R 

• Si 

= 6 R 2 O 3 

‘ 18 

SiO„ 

N. 

IR • 

Si 

• 1 ^ • 

Si 

•R 

= 9 R 2 O 3 

• 12 

SiO^, 

0 . 

Si • 

R 

•Si • 

R 

• Si • R • Si 

= 9 !R203 

•20 

SiO^. 

or 

the 

general 

formula 




m 

MO 

• 2 

(3R 

2^3 

• 10 SiOj) • 

nH20. 




Analyst | 


SIOj 

AljOs 

I'eaOa 1 

1 FeO 1 

CaO 

MgO 

K 2 O 

NaaO 

HaO 

Total 

Pisani 

Theory 

CLXX 

39.95 

39.55 

15.28 

1 15.95 

7.99 

7.80 



___ 

21,97 

22.25 

10.95 

10.35 


3.86 

4.10 

1 100.00 

1 100.00 


or the general formula 
m MO • 2 (3 R2O3 • 12 SiOj) • n HjO. 


Analyst 


SIO* 

AlaOa 

FeaO, 

FeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Genth 

Theory 

67.43 

20.34 

6.OOV2O3 

4.31 



3.19 

7.50 

1.23 

— 

100.00 


— 

56.74 

19.62 

7.78V2O3 

3.84 

— 

2.63 

8.11 

0.94 

— 

99.66 

Rumpf 

Theory 

40.73 

15.87 

2.26 

4.07 

— 

26.03 

7.98 

— 

3.06 

100.00 


XLIV 

40.16 

15.79 

2.53 

4.12 

— 

26.16 

7.64 

0.37 

3.58 

100.34 

’ Crawe 

Theory 

40.36 

17.15 





— 

29.70 

6.58 

6.21 

1.01 

100.00 


CLI 

40.36 

16.45 

— 

— 

— 

29.55 

7.23 

4.94 

0.96 

99.48 


Or the general formula 


m MO • 2 (3 RjOj • 15 SiOj) • n H2O. 


Analyst | 


SiOa 

AljOa j 

FejOa 

FeO 

1 CaO 

MgO 

KaO 1 

1 NaaO j 

1 HaO 

Total 

Thomson 

Theory 

CLXXII 

50.34 

49.08 

7.13 

7.28 

16.67 

16.12 




16.79 

16.96J 




10.07 

10.28 

100.00 

99.72 


or the general formula 
m MO • 2 (3 RjOa • 18 SiO^) • n HjO. 


Analyst 


SIO, 

1 AlaOa 

FeaOa 

FeO j 

CaO 

1 

MffO 

KaO 

NaaO • 1 

H.0 1 

Total 

Bromeis 

Theory 

XXIII 

43.27 

42.89 

6.13 

6.09 

9.62 

10.69 



26.64 

25.09 

13.18 

13.15 

0.36 

2.16 

2.30 

100.00 

100.47 

IgelstrOm 

Theory 

CX 

38.63 

38.50 

10.94 

11.00 

— 

3.86 

3.78 

3.00 

3.20 

15.01 

15.01 

6.04 

6.61 

21.58MnO 

21.40MiiO 

1.94 

1.60 

100.00 

100.00 
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E. Micas of the type 
R • Si • R = 5 RaOg • 6 SiOj 






1 Source 

8 

6.5M0*2(5Al203*6Si02) 

• 6 H 2 O 

6.5 MO=4.5 CaO • 1.5 FeO-0.5MgO 

1 Margarite 

Peekskill 


E. Micas of the type 
Sl • R • R • Si = 5 R 2 O 3 ■ 12 SiOa 






Source 

9 

3 MO • 2 (5 AljOs • 12 SiOj) 

• 9 HgO 

3 MO=l FeO • 0.5 MgO • 1.5 K^O 

Pinitoid 

Weinheim 

10 

5 MO • 2 (5 AljOa - 12 SiOj) 

- 9HjO 

5 MO=l MgO • 1.5 KgO • 2.5 NajO 


Friebenreuth 

11 

6 MO • 2 (5 AljOj • 12 SiOg) 
-8HgO 

6 MO =2 MgO • 3.6 KjO • 0,5 Na30 

Muscovite 

XJnionville, 

Pensylv. 

12 

6 MO • 2 (5 BjOs ■ 12 SiOj) 

■ 11 HjO 

6 MO = l MgO • 0.6 CaO • 3.5 K 3 O 
■ lNa 30 • 10 E30,=9.5 AljOj ■ 0 . 6 Fe 3 Oj 

Pinitoid 

Gleichinger 

Fels 

13 

7 MO • 2(5A1j03 • 12SiOj) 

- 7H»0 

7 MO=4 FeO • 0.5 MgO • 2 K^O 
• 0.5 NaaO 

9 9 

Chemnitz 

14 

20 MO . 2(5 BjO, - 128103 ) 

20 MO=9.5 FeO • 6.5 MgO • 1.5 CaO 
• 2.5 Na^O • 10 E208=6 AI 2 O 3 * 4 Fe^Oa 

Biotite 

Adamello 

15 

22 MO -2 (5 BjOj - 128103 ) 

■ 48 HjO 

22 MO =21 MgO • 1 FeO 

• 10 .AlgOa * 2 FeaOa 

99 

Westchester 

16 

23 MO • 2 (5 R 3 O 3 • 12 8103 ) 

• 50 HjO 

23 MO =22 MgO • 1 FeO 
* 10 E 203 = 8 AI 2 O 3 * 2 FcaOa 

99 

Westchester 

17 

24 MO -2 (5 B30s-12Si03) 

• 44 HjO 

24 MO=23 MgO • 0.5 FeO • 0.5 NiO 
• 10 E203 = 8.5 AI 2 O 3 • 1.5 FegOa 

99 

Culsagee 

Mine 


G. Micas of the type 
Sl • R • Sf • R • Sf = 5 RjOj • 18 SiOg 






Source 

18 

4 MO -2 (6 Al,0,-18 SiOj) 

• 20 H 3 O 

4 MO = 1 FeO - 0.5 MgO - 2 KjO 
- 0.5 NagO 

Hygro- 

philite 

Eheinpfak 

19 

7 MO • 2 (5 BjO, - 18 SiOj) 

• 6 HjO 

7 MO=l MnO • 1 MgO • 6 K 3 O 
• 10 R, 08=9.6 AljOg - 0.6 FejO, 

Muscovite 

fieidelberg 

20 

8 MO • 2 (6 R 3 O, • 18 8103 ) 
•I 2 H 3 O 

8 MO =6.5 MgO • 0.6 CaO • 2 KjO 
• 10 R 303 = 8.5 AljOa • l.OFejO, 

Gongylite 

YH-Kitka- 

jarvi 

21 

25M0-2(5R,0,-18Si0s) 

•4HjO 

26MO=12.6FeO-6CaO0.6MgO-4.6K2O 
• 2 . 6 Na ,0 

•10R308=7Fe303-3A1.0, 

Biotite 

Brevik 

22 

34 MO • 2 (6 RjO, • 18 SiOj) 
• 12 H 80 

34 MO =26 MgO • 4 FeO • 6K,0 
- 10 R, 03 = 8.6 AI 2 O 3 • 1.6 FejOa 

ft 

Karosulik 

23 

40 MO -2 (6 R,0,-18SiOa) 
• 2 HjO 

40 MO=11.5 FeO • 23 MgO - 6 KjO 
■O.SNajO 

- 10 Rj 03=8 AljOg - 2 Fej 03 

ft 

Tschebarkul 

24 

50 MO - 2 (6 Al30a • 18 SiO,) 
-34H,0 

60MO=41.5MgO • 8.5FeO 

ff 

Milbury 


IH 


m 
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or the general formula 

m. MO • 2 (5 R 2 O 3 • 6 SiOj) • n HjO. 


Analyst 


SiOa 1 


1 Fe,0, 

1 FeO 

CaO 

j MsO 

[ KaO 1 

NaaO 

1 HjO 

j Total 

Chatard 

Theory 

XVIII 

32.32 

32.73 

45.78 

46.58 



4.84 

1 6.12 

11.32 
11.04 ' 

0.90 
1.00 ' 

— 1 

j — 

4.84 1 
1 4.49 

1 100.00 

1 100.96 


or the general formula 
m MO • 2 (5 RjOg • 12 SiOa) • n H^O. 


Analyst 


Cohen 
•V. Ammon 
Chatard 
Hilger 
Knop 
Baltzer 
Kdnig 
K6nig 
Chatard 


Theory- 

III 

Theory 

IV 

Theory 

C 

Theory 

V 

Theory 

I 

Theory 

LIII 

Theory 

CXXXVIII 

Theory 

CXL 

Theory 


SiOa 

AlaOa 

FCjOa 

FeO 

CaO 

MgO 

KaO 

NaaOl 

HaO 1 

Total 

^Bl} 

50.44 

35.72 


2.53 



0.70 

4.93 


5.67 

100.00 


50.82 

35.93 



2.92 

— 

0.41 

4.13 

0.08 

5.68 

99.99 


48.68 

49.08 

34.49 

34.75 

— 

— 


1.33 

0.85 

4.78 

5.40 

5.24 

5.30i 

6.48 

5.36 

100.00 

100.73 


47.30 

46.60 

33.50 

32.39 

2.54 

— 

z 

2.63 

2.01 

10.81 

10.39 

1.02 

0.54 

4.73 

4.81 

100.00 

99.28 

^B^‘ 

45.92 

45.24 

30.90 

29.96 

2.55 

3.16 

O. 32 P 2 O 5 

0.89 

1.44 

1.27 

1.15 

10.17 

10.13 

1.98 

2.15 

6.32 

6.24 

100.00 

99.79 

: 

46.26 

47.77 

32.76 

32.65 

— ' 

9.25 

8.94 

, j 

0.64 

0.49 

6.04 

6.86 

0.99 

1.50 

4.06 

4.19 

100.00 

101.00 


36.41 

36.43 

15.47 

14.40 

16.19 

16,71 

17.30 

17.40 

2.12 

1.66 

6.57 

6.87 

5.94 

6.64 

0.03 

— 

100.00 

99.04 


33.22 

33.35 

18.81 

17.78 

7.38 

7.32 

1.66 

2.11 

— 

19.01 

19.26 

— 


19.92 

19.87 

100.00 

99.69 


32.52 

33.03 

18.43 

17.38 

7.23 

7.41 

1.63 

1.44 

-- 

19.87 

20.16 

— 


20.32 

20.90 

100.00 

100.32 


33.24 

34.00 

20.01 

20.36 

5.54 

4.91 

0.82 

0.42 


21.23 

21.71 

0.86NiO 

0.57NiO 

— 

18.30 

18.50 

100.00 

100.47 


general formula 

m MO • 2 (5 E 2 O 3 ' 18 SiOj) • n H 2 O. 


Analyst 


Schwager 

Kjiop 

Thoreld 

MhUer 

XobeU 

Zellner 

Crossley 


SlO, 


Theory 

II 

tfheory 

I 

Theory 

I 

Theory 

XCIX 

Theory 

CLXXVIIl 

Theory 

cxx 

Theory 

CLXXI 


66.08 

56.64 

65.41 

56.37 
65.11 
55.22 
39.59 

39.38 
41.21 
41.00 
38.72 
38.49 
35.62 
35.74 


AiaOg 


26.49 

26.68 

24.86 

24.22 

22.12 

21.80 

5.60 

6.66 

16.55 

16,88 

14.63 

14.43 

16.82 

16.42 


FeaOa 

FeO 

1.87 

CaO 1 

— 

1.68 

0.22 

2.05 

1.82MnO 

— 

2.09 

2.6 MnO 

— 

6.12 



0.72 

4.80 

0.32MnO 

0.77 

20.53 

16.50 

5.13 

19.89 

16.43 

5.47 

4.58 

5.49 

— 

4.50 

6.05 

— 

6.73 

14.85 

— 

5.44 

14.75 

— > 


10.09 

— 

— 

1 10.02 

— 


MgO 

0.52 

0.29 

KaO 

4.88 

5.33 

NaaO 

0.80 

0.64 

HaO 

9.36 

9.13 

Total 

100.00 

100.73 

1.03 

12.06 



2.77 

100.00 

0.83 

12.61 

0.03 

2.41 

101.06 

6.62 

4.80 



5.51 

100.00 

6.90 

4.46 

0.45 

5.77 

99.49 

0.73 

7.75 

2.84 

1.33 

100.00 

0.56 

7.86 

2.81 

1.39 

100.44 

19.08 

8.97 



4.12 

100.00 

18.86 

8.76 

— 

4.30 

99.35 

16.50 

8.42 

0.50 

0.65 

100.00 

16.35 

8.12 

0.53 

0.89 

99.00 

27.38 




10,09 

100.00 

27.44 

— 

— 

10.30 

99.92 
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H. Micas o 
R • Si • ]R = 6 Ra' 






25 

1 MO • 2(6 AI2O3 • 6 SiOj) • 2 H^O 

1 M;0=0.25 MgO • 0.25 KjO 

• 0.25 NajO • 0.25 HjO 

Lesleyite 1 

26 

2 MO • 2(6 AI 2 O 3 • 6 SiOa) -5 H 2 O 

2 MO = 1.75 KjO -0.25 H^O 


27| 

1 

6 MO • 2 (6 II 2 O 3 • 6 SiOa) • 7 H 2 O 

6 M:0=5 CaO ■ 1 NajO 
•12 R20 s= 11.75 Al2O3-0.25Fe2O3 

Margarite 


J. Micas o 




Si * K • E» * 

Si = 6 BjC 





28 

4 MO • 2(6 AI2O3 • 10 Si02) • 10 H2O 

4 MO =0.5 CaO • 0.5 MgO -IKjO 
• 2 NajO 

Muscovite 

29 

4 MO • 2 (6 AliOs ‘ 10 SiOa) • 10 H2O 

4 MO=0.5 CaO • 0.5 MgO • IKjO 
.2Na20 

99 

30 

4 MO • 2 (6 AI2O3 • 10 SiOg) * 10 H2O 

4MO=0.5 CaO • 0.5 MgO • 1K,0 
•2Na20 

99 

31 

4 MO • 2 (6 AI2O3 • 10 SiOa) • 10 H2O 

4 MO=0.5 CaO • 0.5 MgO • IKjO 
• 2 NajO 

99 



K. Micas < 



^i • :r • • 

Si = 6 R2' 





32 

4M0*2(6B203-12Si02) 

4MO-4K2O 

12 R203=9.5 Al203-2.5Fe203 

Micarelle 

33 

4 MO • 2 (6 AI2O3 • 12 SiOa) • 8 HgO 

4 MO = 0.5 CaO • O-SHgO-SNa^O 

Paragonite 

34 

ff JJ 9> T9 

4M0 = lK20*3Na20 

. 

35 

4 MO • 2 (6 AI2O3 ■ 12 SiOj) • 9 H2O 

4MO = 3.5K2O*0.5Na2O 

Muscovite 

36 

TT 99 99 99 

4 MO =3.5 K2O-0.5 Na^O 

99 

37 

99 99 99 99 

4MO = 3.5 KaO-O.SNajO 

99 

38 

9> 99 99 99 

4MO=0.5K2O-3.5Isra2O 

Paragonite 

39 

99 99 99 99 

4MO=0.5 K20‘3.5Na20 

99 

40 

99 99 99 99 

4MO=0.5MgO*3I5:3O-0.5Ma2O 

Muscovite 

41 

4 MO • 2 (6 AljOa • 12 SiOj) • lO HjO 

4M0=4K20 

99 

42 

5 MO ■ 2(6 II3O3 • 12 SiOj) • 8 H,0 

5 MO =0.5 MgO-0.5CaO-0.6FeO 
-3K2O*0.61Sra2O 

9* 
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of the general formula 
m MO • 2 (6 RgOg • 6 SiOg) • n E^O. 


Analyst 


SiOa 

AI 2 O 3 

Fe203 

FeO 

CaO 

MgO 

KaO 

^ ISTaaO 

HaO 

Total 

Genth 

Theory 

iXX 

35.42 

35.68 

60.19 

60.29 

0.72 


— 

0.51 

0.29 

0.76 

0.41 

1.13 

0.96 

1.99 

1.78 

100.00 

100.13 

Sharpless 

Theory 

V 

32.69 

33.59 

55.56 

55.41 

z 

— 

— 

— 

7.46 

7.43 

— 

4.29 

4.30 

100.00 

100.73 

Smith 

Theory 

IX 

29.65 

30.22 

49.39 

49.67 

1.65 

1.33 

— 

11.55 

11.57 

Trace 

— 

2.55 

2.31 

5.19 

5,12 

100.00 

100.22 


or the general formula 
m MO • 2 (6 R2O3 • 10 SiOa) • n HjO. 


Analyst 


SiOa 

1 AI2O, 

FejOj 

FeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Smith & Brush 

Theory 

41.82 

40.29 

42.65 

43.00 

1.30 

z 

0.98 

1.01 

0.69 

0.62 

3.27 

3.94 

4.32 

5.16 

6.27 

5.00 

100.00 

100.32 

>> >> 

Theory 

cm 

41.82 

39.64 

42.65 

42.40 

1,60 



0.98 

1.00 

0.69 

0.70 

3.27 

3.94 

4.32 

5.16 

6.27 

5.08 

100.00 

99.52 

>> 9r 

Theory 

CIV 

41.82 

40.21 

42.65 

41.40 

1.30 

— 

0.98 

1.11 

0.69 

0.70 

3.27 

3.25 

4.32 

4.26 

6.27 

6.23 

100.00 

99.21 

fy yy 

Theory 

CV 

41.82 

40.96 

42.65 

41.40 

1.30 

— 1 

0.98 

1.11 

0.69 
0.70 ; 

3.27 

3.25 

4.32 

4.26 

6.27 

16.23 

100.00 

99.21 


or the general formula 
m MO • 2 (6 R2O3 • 12 SiO^) ■ n H^O. 


Analyst 


SiOa 

AlaOs 

FeaOa 

FeO 

1 

I CaO 

MgO 

KaO 

NaaO 

H,o 1 

' Total 

Massalin 

Theory 

45.21 

30.42 

12.56 





1 11.81 







100.00 


I 

45.00 

30.00 

12.60 

— 

— 

12.40 

— 

— 

— 

100.00 

Rammelsberg 

Theory 

47.34 

40.24 

— 

— 

0.92 

0.66 

1 

6.11 

4.73 

100.00 


II 

46.81 

40.06 

Trace 

— 

1.26 

0.65 

Trace 

6.40 

4.82 

100.00 

Lemberg 

Theory 

46.65 

39.64 

— 

— 

— 

— 

; 3.04 

6,01 

4.66 

100.00 


IV 

46.17 

40.29 

— 

— 

— 

— 

3,09 

5.63 

4.92 

100.00 

Genth 

Theory 

45.21 

38.42 

— 

— 

— 

— 

1 10.32 

0.97 

5.08 

100.00 


XCVII 

45.86 

37.61 

0.59 

— 

0.31 

0.55 

10.40 

0.80 

4.74 

100.90 

KOnig 

Theory 

45.21 

38.42 

— 

— 

— 

— 

10.32 

0.97 

5.08 

100.00 


XCVIII 

45.73 

37.10 

1.30 

— 

— 

0.34 

i 10.50 

0.88 

4.48 

100.33 

Sauer 

Theory 

45.21 

! 38,42 

— 

— 

— 

— 

10.32 

0.97 

5.08 

100.00 


XVIII 

45.71 

1 38.64 

— 

— 

r — 

— 

9.53 

0.90 

6.17 

100.00 

Cossa 

Theory 

46.61 

39.61 

— 

— 

— 

— 

1.62 

7.02 

5.24 

100.00 

i 

VII 

46.67 

39.02 

2.01 

— 

— 

— 

1.36 

6.37 

4.91 

100.34 

yy 

Theory 

46.61 

39.61 

— 

— 

— 

— 

1.62 

7.02 

5.24 

100.00 


VIII 

46.68 

39.88 

1.06 

' — 

— 

i 

1 0.84 

6.91 

5.08 

100.46 

KOnig 

Theory 

45.69 

38.75 

— 

— 

— 

0.63 

8.92 

0.98 

6.13 

100.00 


XC 

45.62 

35.9^^ 

2.93 = 

1,87 AI 2 O 3 

— 

0.34 

9.40 

0.71 

4.93 

99-86 

Delesse 

Theory 

44.72 

38.01 

— 

— 

— 

— 

11.68 

— 

5.95 

100.00 


XLVIII 

45.22 

37.85 

Trace 

— 

— 

— 

11.20 

— 

5.25 

99.52 

Blau 

Theory 

44.93 

38.19 

— 

1.12 

0.87 ' 

0.62 

8.80 

0.96 

4.49 

100.00 


LXXXI 

45.57 

36.72 

0.95 

1.28 

0.21 

0.38 

8.81 

0.62 

5.06 

99.93 


2 B 
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1 i 



Souzce 

43 

5 MO - 2(6 AljO, • 12 SiOj) • 8 H.O 

5MO=0.5MgO-0.5CaO-0.5FeO 
•3KsO-0.5 KTaaO 

Miiscovite 

Eatst Indies 

44 

j 

9* 99 99 99 

5MO=4KsO-l MgO 

12KjO,=ll AljOj-l FejOs 

99 

1 Horrsj dberg 

45 

j 

7 MO • 2(6 Al^Os • 12 SiOs) • 12 H.O 

7MO=0.5CaO-2.5 MgO-S.SKjO 
•0.5 NagO 

99 

, Maryland 


L. Micas of the type 
Si • E • Sl • ]R - a == 6 RjOj- 16 SiOa 






Sooice 

46 

4 MO. 2(6 AljOs • 16 SiOg) 
•8 HP 

4 MO=0.6 FeO • 3 KjO • 0.5 Ea^O 

Killinit© 

Branchville 

47 

5M0-2(6A1P3‘16 SiOa) 
•8 HP 

6 MO= 1.5 FeO • 1 CaO - 0.5 Li^O 

■ 2k:,o 

- 

Killiney 

Hill 

48 

5 MO *2(6 RPa-ie SiOa) 
•9 HP 

6 MO = 1 MgO • 2 KjO - 2 Ea.O 

12 Es 03 = 10 AlaO, • 2 Fe^O^ 

Muscovite 

Oravicza 

49 

6 MO *2(6 RPa-ieSiOs) 
-lOHaO 

6MO=0.6MgO- 5.6 K^O 

12Rj0, = lFes 03 -ll AlaO, 

99 

Striegau 

50 

6M0-2(6A1,0, ' leSiOj) 
•22EaO 

6 MO = 1.5 FeO • 0.5 CaO • 1 MgO 

•3KaO 

HiUinitre 

Killiney 

HiU 

51 

6M0-2(6A1P3- leSiOj) 
>22 HP 

6 MO ==1.6 FeO • LllMnO- 0.5 CaO 
•0.5 MgO - 2.5 KaO 

99 

99 99 

52 

7 MO -2(6 AJ,0»- leSiOi) 
-lOEjO 

7 MO = 0.5 FeO • 2.5 MgO • 4 KaO 

Muscovite 

Grub© Him- 
melsfurst 

5a 

7 MO -2(6 AJPa-ieSiO,) 
-20 HP 

7 MO = 1.5 FeO • 0.5 CaO • 2 MgO 
•2K20-lHaa0 

Hygro- 

philit© 

— .. 

54 

8MO-2(6AJ,Oj- 16SiO,) 

- 20 E,0 

8MO = 2FeO* lCaO-0.6MgO 
• 0.25 HP • IHaaO 

99 

— 

65 

12 MO - 2(6 AJ 3 O 3 • 16 SiOj) 

■ 6 HaO 

12 MO= 1 CaO • 3.5 MgO - 4.5 KaO 
3NaaO 

Paragonite 

Fenestrell© 

56 

26 MO - 2(6 RP 3 • 16 SiOs) 
-3 HP 

26 MO =0.6 CaO - 18.5MgO- VK^D 
12 Ra 03=8 AlaOs • 4Fe203 

Biotite 

; Zilleithal 

57 

27M0-2(6RP3l6Si03) 
•40 HP 

27 MO = 1 FeO * 0.6 CaO • 25.5 MgO 

12 Ra03=8.6 AI 2 O 3 ■ 3.5 FejOa 

99 

West- 

chester 

58 

29MO-2(6Rp3 * leSiOa) 
-60 HP 

29 MO = 1.5 FeO * 27.5 MgO 

12 ^ 303^9 Al 30 a * 3 Fe 30 a 

99 


59 

30 MO - 2(6 RPa • 16 SiO,) 
• 6 HP 

30 MO = 11 FeO • 12.5 MgO - 6 KjO 
• 1.5 Ea,0 • 12 RsO, = 10 AljO, - 2 FejO, 

99 

Renchthal 

60 

30MO-2(6ALO3-16SiO2) 

• 28 H 26 

30 MO =21.6 FeO • 8.5 MgO 

99 

Monroe 

61 

32 MO - 2(6 RP 3 • 16 SiOa) 
-32 HaO 

32 MO =31.5 MgO • 0.6 FeO 

12 R,Os=10 A1,0, • 2 FejO, 

99 

Calsagee 

Mine 

62 

32MO-2(6Ra03* 16SiOa) 
•64HaO 

32 MO =31.6 MgO • 0.5 FeO 

12 B 3 Oa =10 A 1,03 • 2 FejO, 

99 

99 

63 

34M0-2(6Ra03 - leSiO^) 
•eOHaO 

34 MO =33.5 MgO • 0.6 FeO 

12 R,Oa=10 AljOa • 2 Fe,0, 

99 

99 

64 

35 MO • 2(6 AI 3 O 3 • 16 SiO.) 
-34HaO 

35 MO =21.6 FeO • 1 CaO • 11.5 MgO 

• 1 KjO 

99 

j Riode 
jr aneiro 
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SiO, 

AltOs i 

Fe.0. 

FeO j 


AnaljBt 


CaO j MffO ‘ KsO ' STagO ' H|d 


Sip5cz 

Igelstr^ 3 m 

Ciiatard 


Theory 

LXXXII 

Theory 

LXXIII 

Theory 

SICIII 


44.93 

45.71 

43.88 

43.41 

42.75 

42.21 


38.19 

36.57 


1-19 


34.18 4.87 
35.17 4-62 

36.35 — 

34.55 1.03 


1.12 0.87:0.62 

1.07 10.46; 0.71 

1.22 
1.40 

— i 0.83 I 2.96 

2,03Cr,O3 I 0.47 iS.lS 


0.70 


s.so 

9.22 
11.46 I — 

mm ; ~ 

9.77 I o.if 
9.16 i 0.82 


|4.li 

;4.I3 

Uj9 

\^M 

^S.42 

iS.77 


imm 

imm 

imm 

iw.oo 

100.17 


or tlie general formula 
m MO • 2 (6 EA • 16 SiO^) • n Kf). 


Analyst 




De^wey 
Mallet 
Kjerulf 
Hiepe 
Lehixnt 
Blythe 
Scheerer 
Killing ^ 

Baspeyres 

Cc^sa 

Varrea- 

trapp 

Brush 

Chatard 

y-iHing 

Pisani 

Coeke 

Chatard 

KOrng 

C-’V.Haiier 


Theory 

VTI 

Theory 

III 

Theory 

XXIV 

Theory 

XIX 

Theory 

I 

Theory 

II 

Theory 

XV 

Theory 

IV 

Theory 

I 

Theory 

IX 

Theory 

XL.VI 

Th^ry 

cxxxvn 

Theory 

CXXXIX 

Theory 

VI 

Theory 

CLXIV 

Theory 


Theory 

CXXXI 

Theory 

CXXX 

The<»ry 

cxxv 


152.79 

53.47 

152.53 

162.89 

50.88 

50.88 


AlgOa Fe, 0 , 


33.65 

32.36 

33.49 

33.24] 

27.03! 

26.69! 


48.99 28.62 
49.27 28.691 


[48.03i 

149.08 

47.981 

47.93 

50.06 

47.84! 


48.36 30.81 
48.60 32.82! 


30.62 

3O.60| 

30.59 

31.04i 

31.91 

29.981 


FeO MgrO 






47 . 28 ! 

48 . 4:2 

47.331 

47.96 


39.5416.81 

39.8516.07 


30.14 

32.06! 

130.17' 

31.03 


37.02 

37.10 

34.25 

34.40 

|36.73 

37.67 

34.69 

:34.9S 


16.72 

17.57 

16.37 

16.63 

19.52 

18.79 

22.11 

121.881 


[37.42 19.87 
37.5819.73 


33.64 

33.77 

33.59 

33.93 


P2.47 
32 - 3329.471 


17.88 

17.66 

17.85 

17.38 



0.99 





7.76 i 

0.^ 

0.79 

0.42 

0.17 ( 

K7234I10 

7.68 ; 

0.44 

___ 

2.95 

1.53 

— 

5.14 |0.4aU,O 

— 

3.27 

1.45 

— 

4.94 0.46 U,0 

8.47 





1.06 

4.98 

3.29 

8.48 

— 

— 

1.19 

4.52 1 

2.72 

4.08 





0.52 

13.20 

— 

2.89 

— 

— 

0.42 

13.91 

— 



2.70 

0.70 

LOO 

7.05 

— 

— 

2.27 

0.68 

1.08 

6.72 

— 

.77Mna 

2.69 

0.70 

0.50 

5.88 

— 

.26MnO 

2.33 

0.72 

0.46 

6.06 

— 


0.94 



2.61 

9.^ 

— 

2.91 

1.12 

0.05 

2.02 

9.48 

1.72 TiO, 


2.72 

0.71 

2.02 

4.73 

1.56 

— 

2.76 

0.84 

2.37 

4.08 

1.32 



3.54 

1.38 

1.47 

5.79 

1.53 

— 

3.26 

1.15 

1.72 

5.67 

1.30 




1.38 

3.45 

10.43 

4.58 

— 

— 

1.07 

3.42 

10.44 

4.08 

13.17 



0.58 

15.24 

13.55 

— 

13.21 

— 

0.42 

15.60 

13.6S 

— 

10.80 

1.39 

0.54 

19.65 

— ^ 

— 

10.54 

1.26 

0.56 

19.65 

9.43 

— 

8.56 

1.93 

— 

19.62 

— 

— 

8.00 

2.11 

— 

19.30 

— 

— 

6.12 

15.23 

; 

9.57 

8.99 

1.77 

6.48 

15.2S 

^ 

9.72 

8.93 

1*92 



27.9€ 

8 

6.14 

— 

— 

— 

28.44 

t 

6.24 

— 

— 

6.23 

0.7C 


24.55 

— 

— 

5.95 

0.5i 

1 — 

25.13 

— 

— 

6.59 

€.6: 

1 — 

22.98 

— 

■ — 

5.61 

QM 

> — 

22.48 

— 

— 

6.60 

0.6: 

% 

23.45 

— . 

■ — 

5.42 

0.5 

> — 

23.43 

9.35 me 

^ — 



26,1' 

7 O.SN 

i 7.77 

IM 

— 

— 

26.2i 

5 o.a 

7.75 

1.01 

— 


3.95, imm 


.16 

.09 


4.07 190 

3.94;. IW 
3 . 67 , 

4.29 190 
4 . 19 : 98 . 

4.59 im. 

4 . 77 ; m 

©.»; iOO, 
16.90: l«3, 

9.S9S im 

iD.ooj m 

4m 

4.401 m. 

t.97| 109. 
8.S3| 101 

8.S7i 109, 
».92j I02.« 


.92 

.00 

.67 

m 

M 

m 

.43 

.00 

m 

m 

M 

m 

m 

m 


i§m\ 


vb 

ll.OSi 
«>.18 
»>J0 

)L8.aS; 

19.17] 108.18 

10.3S: 100.00 
10.83! 100.00 


IOOj 

m 

190. 

41 

iOO. 

m 

im. 

m 

100. 

00 

190. 

87 

im. 

m 

m. 

47 

iw. 

m 

ilOl. 

.11 

Iiw. 

M 

\im. 

.76 

liOO 

M 

iim 

M 

im 

M 

! im 

,22 


M 
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M. Micas of the type 
Si • • Si • • Si = 6 R2O3 • 18 SiOj 






Source 

65 

5MO-2(6R2O3-18Si02) 

•3H2O 

5MO=0.5CaO •4.5K2O 

12 B203=9.5 A1 j, 03-2 FejOs-O.S MnjOs 

Micarelle 

— 

66 

6M0-2(6Al203-18Si02) 

• I8H2O 

6 MO=2 PeO • 1.5 MgO • 2 KjO 
• 0.5 NajO 

Killinite 

Killiney 

mi 

67 

6M0*2(6Al203*18Si02) 

•I9H2O 

6M0 = 1.5Fe0-lMg0-3K20 
• O.SNajO 

97 

Dalkey 

68 

7M0-2(6Al203*18Si02) 

•IOH2O 

7MO=0.5FeO ■ 3.5 MgO • 3 K3O 

Muscovite 

Tamsweg 

69 

26MO-2(6R203 * 18Si02) 
•4H2O 

26 MO = 12 FeO • 5.5 CaO- 5 KjO 
•3.5 NajO; 12 R203=9.5 Alj03-2.5Fe303 

Biotite 

Brevik 

70 

29MO- 2(6R203*18Si02) 

29 MO =23.5 MgO • 4.5 KjO • 1 Na^O 

12 R20,=8.5Al203 • 3.5Fej03 

>» 

Laacher 

See 

71 

36M0-2(6R203-18Si02) 
•86 H2O 

36 MO=35.5MgO -O.SFeO 

12 B,203=9.5 AljOa • 2.5FejO, 

99 

Magnet 

72 

37 MO • 2(6 AI2O3 • 18 SiOa) 

• 12 H2O 

37MO = 15.5FeO-2MnO- 19.5 MgO 

99 

PreBburg 

73 

39 MO -2(611203 *188102) 

• 2 H2O 

39 MO=33 MgO • 1 CaO • 5 KjO 

12 R jOj = 9 AljOa • 3 FejO, 

99 

Vesuvius 



'N. Micas of the type 



• :r • ^i • = 9 R2O 

3 • 12 SiO, 





Source 

74 

12 MO -2(9 AI2O3 • 12 SiOe) 

• 12 HgO 

12M0=2F©0 • 0.5 MnO • 9.5 CaO 

Margarite 

Tokowaja 

75 

29 MO - 2(9 R2O3 • 12 SiOo) 

- 10 H2O 

29 MO = 1.6 FeO • 21 MgO • 1.5 KjO 
• SNaaO; 18 R30a = 17.6 AlaOa-O.SFSaOa 

Willcoxite 

Shooting 

Creek 

76 

29 MO • 2(911203 • 12 SiOa) 

• 10 H2O 

29MO = 1.5reO • 21 MgO • 1.6 KjO 
. 5 NaaO ; 18 B20a=17.5 AlaOg-O.S FeaOa 

99 

Cullakenee 

Mine 


0. Micas of the type 
Si • R • Si • :R • Si • • Si = 9 R2O3 • 20 SiOj 






Source 

77 

4 MO- 2(9 B2O3 -20 8102) 
-24H2O 

4 MO=0.5 FeO • 0.5 MgO • 2.6 KjO 
•0.5 CaO; 18 BaOa=17.5 AljOa-O.eFeaOa 

1 Hygro- 
philite 

Nil St. 
Vincent 

78 

6 MO -2(911203*20 8102) 

-I8H2O 

6MO=5.5KaO-0.5HaO 

18 RaOa= 17 AlaO, • 1 FejOj 

Lesleyite 

— 

79 

7 MO • 2(9 AI2O3 • 20 SiOa) 

- I5H2O 

7 MO=2.5 CaO • 3 MgO • 1.5 KjO 

Muscovite 

Dobrawa 

80 

8 MO • 2(9 R2O3 • 20 SiOa) 
•I6H2O 

8MO=lMgO-7KaO 

18 R20a= 16 AljOa • 2 FejOa 

9t 

Mt. Leinster 
Carlow 

81 

9MO-2(9R2O3-20 SiO^) 
•I6H2O 

9 MO = l CaO • 2 MgO • 4 KjO • 2 NajO 
18 R20a=15.6 AljOa • 2.6 PeaOa 

99 

Botriphinie 

82 

9 MO- 2(9 BaOa *20 8102) 
•I6H2O 

9 MO=l CaO • 2 MgO • 4 K^O • 2 NajO 
18 Ra08=15.5 AljOa • 2.5 Fe^Oj 

99 

Vanlup 

83 

9 MO • 2(9 B2O3 • 20 SiOa) 

• 12 H2O 

9 MO=3 MgO • 6 KaO • 1 NajO 
18Rj0a=17Al30,-lFe/)a 

9 

St. Etienne 



THE MICA GROUP 


873 


or the general formula 
m MO • 2 (6 R2O3 • 18 SiO^) • n H3O. 


Analyst 


SiOa 

AI 2 O, 

FeaOa 

FeO 

CaO 

MgO 

KaO 

NajO 

HaO 

Total 

ricinus 

Theory 

53.56 

24.03 

7.93 

1.96Mn203 

0.69 

— 

10.49 



1.34 

100.00 


II 

54.60 

23.60 

8.60 

l.eOMngOa 

0.80 

— 

11.20 

— 

1.20 

101.60 

Galbraith 

Theory 

52.28 

29.63 

— 

3.48 

— 

1.45 

4.55 

0.75 

7.84 

100.00 


IV 

50.45 

30.13 

— 

3.53 

— 

1.09 

4.81 

0.95 

7.58 

98.54 

99 

Theory 

51.59 

29.23 

— 

2.58 

— 

0.95 

6.73 

0.74 

8.18 

100.00 


V 

60.11 

29.37 


2.23 

0.34 

1.03 

6.71 

0.60 

8.03 

98.42 

Koboll 

Theory 

53.71 

30.43 



0.89 

— ! 

3.48 

7.02 

— 

4.47 

100.00 


XXXIII 

52.52 

30.88 

— 

0.80 

— 

3.82 

6.38 

— 

4.60 

99.00 

Muller 

Theory 

36.82 

4.32 

25.92 

14.73 

5.25 

— 

8.02 

3.69 

1.22 

100.00 


C 

36.08 

4.99 

25.98 

14.28 

5.43 

— 

7.96 

3.68 

1.31 

99.71 

Bromeis 

Theory 

43.27 

17.37 

11.22 

— 

— 

18.83 

8.07 

1.24 

— 

100.00 


XXII 

43.02 

16.85 

11.63 

— 

— 

19.11 

8.60 

1.15 

— 

100.36 

Kbnig 

Theory 

33.06 

14.84 

6.12 

0.55 

— 

21.74 

— 

— 

23.69 

100.00 


CXXXV 

33.28 

14.88 

6.36 

0.57 

— 

21.52 

— 

— 

23.90 

100.51 

C.v.Hauer 

Theory 

38.26 

21.82 

— 

19.77 

— 

13.81 

2.51 MnO 

— 

3.83 

100.00 


XLV 

1 38.13 

21.60 

— 

19.92 

— 

13.76 

2.61 MnO 

— 

3.98 

100.00 

Bromeis 

Theory 

39.71 

16.88 

8.82 

— 

1.02 

24.26 

8.64 

— 

0.67 

100.00 


LIV 

39.75 

15.99 

8.29 

— 

0.87 

24.49 

8.78 

^ — 

0.75 

98.92 


or the general formula 
m MO • 2 (9 R2O3 • 12 SiOj) • n H3O. 


Analyst 


SiOa 

AlaOa 

FsaOa 

FeO 

CaO 

MgO 

1 KaO 

NaaO 

1 HaO 

1 Total 

Jewrechow 

Theory 

34.26 

43.68 



3:42 

12.67 

0.84 MnO 





5.13 

100.00 


XV 

34.02 

43.33 

— 

3.02 

13.11 

1.05 MnO 

— 

— 

6.34 

99.87 

KOnig 

Theory 

29.48 

36.56 

1.64 

2.22 

— 

17.20 

2.88 

6.34 

3.68 

100.00 


I 

28.96 

37.49 

1.26 

2.46 

— 

17.35 

2.46 

6.73 

4.00 

100.69 


Theory 

29.48 

36.56 

1.64 

2.22 

— 

17.20 

2.88 

6.34 

3.68 

100.00 


II 

29.50 

37.56 

1.40 

2.42 

— 

17.20 

2.42 

6.24 

3.32 

100.02 


or the general formula 
m MO • 2 (9 R2O3 • 20 SiO^) • n HgO. 


Analyst 


SlOa 

AlaO, 

FCaOa 

FeO 

CaO 1 

1 MgO 

K,0 

Na,0 

HaO 

Total 

Renard 

Theory 

47.33 

35.19 

1.58 

1.41 

0.55 

0.79 

4.63 



8.62 

100.00 


III 

47.02 

34.82 

2.57 

0.68 

0.20 

0.52 

4.60 

0.18 

8.36 

98.94 

Roegper 

Theory 

46.66 

33.71 

3.11 

— 

— 

— 

10.05 

— 

6.47 

100.00 


VIII 

47.02 

33.27 

2.84 

— 

— 

— 

9.97 

— 

6.71 

99.79 

BOricky 

Theory * 

48.91 

37.42 

— 

— 

2.85 

2.44 

2.87 

— 

5.61 

100.00 


XXX 

48.74 

37.96 

— 

— 

2.63 

2.41 

3.07 

— 

5.45 

100.26 

Haughton 

Theory 

44.96 

30.57 

5.99 

— 

— 

0.75 

12.33 

— 

5.40 

100.00 


LVIII 

44.64 

30.18 

6.35 

— 

— 

0.72 

12.40 

— 

6.32 

99.61 

Heddle 

Theory 

45.24 

29.80 

7.54 

— 

1.06 

1.51 

7.09 

2.34 

5.43 

100.00 


LI 

45.10 

29.90 

7.87 

0.03 MnO 

0.62 

0.72 

7.84 

2.66 

5.51 

100.15 


Theory 

45.24 

29.80 

7.54 

— 

1.06 

1.51 

7.09 

2.34 

5.43 

100.00 


LIV 

45.43 

29.65 

8.33 

0.02 MnO 

0,79 

1.70 

6.94 

2.27 

5.29 

100.42 

Delesse 

Theory 

46.67 

33.71 

3.12 

— 

— 

1.94 

9.14 

1.21 

4.21 

100.00 


XLVII 

46.23 

13.03 

3.48 

— 

•— 

2.10 

8.87 

1.45 

4.12 

99.28 
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1 Source 

84 

10 MO- 2(9 R 2 O 3 -20 8104) 
-4HjO 

10 MO=4 K 4 O - 3.5 Na^O - 2.5 MgO 
18 £ 403 = 17.5 AIjOj - 0.5 FejO, 

Muscovite 

Zillertal 

85 

l4MO-2(9AljOj-20SiO,) 

-IlHjO 

14 MO =1.5 FeO * 2 BaO • 0.5 CaO 
' 4 MgO • 4.6 Kfi • 1.5 Na^O 


Pfitschtal 

86 

14MO-2(9AljOa-20SiO)s 

-llHjO 

14 MO = 1.5 FeO • 2 BaO • 0.5 CaO 
• 4 MgO * 4.6 K 2 O • 1.5 NagO 

99 

ft 


New Formulae for the 
The following analyses of the minerals 


A. 

Si 

A 

•R - 

Si 


— 3 R 2 O 3 

10 SiOj, 

B. 

Si 

-R- 

Si 


= 3 R 2 O 3 * 

12 SiOa, 

C. 

R- 

ySi 

^Si 

'Si 



= 3 ^ 2^3 * 

15 SiOj, 

D. 

R 

01 

A. 

•Si 

•gi- 

R 

= 5 R 2^3 * 

12 Si 02 , 

E. 

^i 

-R- 

•s'!* 

R- 

Si = 5 R 2 O 3 • 

18 SiOa, 





A. 

Scapolites of 

the type 




Si 

•R 

• Si == 3 R 2 O 3 

• 10 SiOa 





Source 

Analyst 

1 

6 MO *2(3 RaOa-lO SiO^) 
• 6 H 2 O 

6 MO =3 MgO - 2.6 KjO - 0.6 HjO 

6 AI 3 O 3 • 0.26 FejO, 

Algerite 
Franklin N. J. 

Crossley 

2 

9MO*2(3Al2O8*10SiO2) 

• 2 H 2 O 

9 MO = 4.25 CaO - 4.26 NajO - 0.5 HjO 

St. Lawrence 
Co., N.S. 

Raininels- 

berg 

3 

9MO*2(3Al2O8*10SiO2) 

•O. 6 H 2 O 

9 MO=6.75 CaO - 2.75 NajO 
-0.25 MgO -0.25 K 3 O 

Arendal 

Worn 

4 

9MO*2{3AlaO8*10SiO2) 

•4HaO 

9 MO=6 CaO - 2.25 NajO - 0.25 KjO 
-0.6HjO 

Arendal 

Damour 

5 

llMO*2(3Al2O8*10 SiOa) 
• 2 . 6 H 2 O 

11 MO=7.76 CaO - 1.6 NajO 
- 0.26 KjO- 1.6 MgO 

Mala jo 

G. V. Rath 

6 

12 MO *8(3 RaOg'lO SiOg) 
•40 H20*4CaC0a 

12MO=10KjO-2MgO 
- 24 Bj03=23 AljO, - 1 FejO, 

Algerite 
Franklin N. J. 

Hunt 

7 

23MO*8(3AlaO3*10SiO2) 

•2H20*3CaC08 

23 M0=12 CaO - 10 NajO - 1 KjO 

GulsjO 

Hermann 

8 

22 MO*8(3Al2O3*10 SiOa) 
•26 H20-4CaC08) 

22MO=12MgO-10K3O 
- 24 B,03= 23 AljO, - 1 FbjOj 

Algerite 
Franfiin N.J. 

Crossley 

9 

36MO-8(3Al2Os-10SiO2) 

•12H20*lCaC08 

36 MO=22 CaO - 9 NajO - 2 KjO 
•3MgO 

Male jo 

G. V. Rath 

10 

30MO-8(3Al2O8-10SiO2) 
•2H20 1 CaS 04 

30MO=20CaO-10NajO 

Kupfermine 

Lacroix 
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S 15 


Analyst 


SiOa 

[ AJjOa 

FejO, 1 

1 FeO 

I CaO 

MgO 

KaO i 

iNStO 

H.0 

' Total 

Schafhautl 

Theory 

47.72 

35.49 

1.59 





1,98 

7.47 

i4.32 1 

1.43 

ICM).O0 


XXXVI 

47.05 

34.90 

1.50 

— 

— 

1.95 

7.96 

4.07 : 

1.45 

1 98.88 

I^anunels- 

Theory 

43.39 

33.19 

5.51 BaO 

1.95 

0.56 

2.88 

7.28 

1.68 

3.56 

100.00 

berg 

XL 

43.09 

32.79 

5.91 BaO 

1.85 

0.23 

2.90 

7,61 ! 

1.42 

4.26 

100.» 

Raxrmiels- 

Theory 

43.39 

33.19 

5.51 BaO 

1.95 

0.56 

2.88 

7.28 i 

1.68 

3.56 

100.00 

berg 

X.LI 

42.90 

32.40 

5.82 BaO 

2.40 

0.80 

2.87 

7.47 

1.73 

3.02 

! 99.41 


Scapolit® Group 

of this group conform to the following formulae : 


I'. 

Si 

• R . 

A 

Si 

• Si • 

R- 

Si 

= 

5 R2O3 * 

22 

SiOj, 

G. 


• Si • 

Si 

• R 



= 

6 R2O3 • 

12 

SiOa, 

H. 

Si 

• R • 

Si 

• E • 

■Si 


= 

6 R2O3 • 

16 

SiO^, 

J. 

Si 

A 

• R • 

Si 

• E ■ 

■ ^i 


= 

6 R2O3 • 

18 

SiOj, 

K. 


• :i^ • 

Si 

•Si 

• & • 

Si 

= 

6 R2O3 • 

22 

SiOg, 

L. 

Si 

•R • 

Si 


•Si- 

A 

R 

•Si = 

9 R2O3 - 

20 

SiOj. 

or 

the 

general 

formulae 






(a; 

» m 

MO 

- 2 

( 3 R 

2^3 ‘ 

10 

SiO^) • 

■ n HjO, 



(b) m 

MO 

• 8 

( 3 R 

2O3 * 

10 

SiOa) - 

■nHjO- 

p CaCOs 


AJ,0.| 

FeaO, 

FeO 

MgO 

CaO 

K,0 I 

Na»0 

H»0 

CaCOs 

CO, 

25.52 

1.74 



5.22 



10.22! 

— 

5.09 

— 

— 

— 

25.42 

1.54 

— 

5.39 

— 

10.38! 

— 

5.27 

— 

— 

— 

25.95 







10.09 


11.17 

1.91 

— 

— 

— ^ 

25.40 

— 

— 

— 

10.24 


11.09 

1.96 

— 

— 


26.07 





0.43 

13.75 

1.00 

7.26 

0.38 

— 

— 

— 

25.81 

0.75 

— 

0.58 

13.34 

0.85 

7.09 

0.41 

— 

— 

— 

25.68 







14.05 

0.98 

6.83 

3.39 

— 

— 

— 

>26.08 

— 

— 

— 

14.08 

1.01 

5.98 

3.25 

— 

— 

— 

24.81 





2.43 

17.59 

0.95 

3.77 

1.82 

— 

— 

— 

1 24.69 

Trace 

— 

2.18 

16.84 

0.85 

3.55 

1.72 

— 

— 

— 

L 24.84 

1.69 



0.85 

2.37 

9.95 

— 


— 

— 

1.86 

J 24.91 

1.85 

— 

1.15 

2.20 

10.21 

Trace 

7.57 

— 

— 

1.74 

127.29 






9.36 

1.05 

6.91 

0.40 

— 

— 

1.47 

1 27.64 

— 

0.30 

0.25 MnO 

9.10 

0.54 

6.89 

0.66 

— 

— 

1.50 

i 24.45 

1.68 



5.00 I 

— 

9.80 

— 

4.87 

— 

4.17 

— 

5 24.41 

1.48 

— 

5.18 

— 

9.97 

— 

5.06 

— 

4.21 

— 

5 26.33 




1.24 

12.75 

1.95 

5.77 

2.24 

— 

1.04 

— 

3 25.33 



— 

1.05 

12.47 

1.51 

5.81 

2.42 

— 

1.35 

— 

1 26.72 






12.84 



6.77 

0,39 

0.87 SOa 

— 


2126.42 

Trace 

— , 

— 

13.11 

0.46 

6.62 

0.43 

0.79 SO3 

— 



SiOa 




Theory 

t-XXXIa| 

Theory 

XCII 

Theory 

XXX 

Theory 

XXXVI 

Theory 

XLII 

Theory 

LXXX 

Theory 

XLV 

Theory 

LXXXI 

Theory 

XLI 

Theory 

CXV 


52.21 


[0.09 


imm 

imm 
m.m 
im.m 

99,74 

im.m 
99.70 

iCK>,O0 
98.07 

|10O,I»' 
99.45 

100 .W 
99.72 

1O0.W) 
100.27 

imM 
99.S5 

10O.(» 
O.lOiimM 
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B. Scapolites of the type 
Sl • R • Sl = 3 R2O3 • 12 SiOj 





Source 

Analyst 

11 ! 

9MO-2(3Al203-12SiOs) 

9 MO =4.25 CaO • 4.25 NajO • 0.5 KaO 

Mizzonite 

Rath 

12 

9M0-2(3Al203-12Si02) 

• IH 2 O 

9MO=4.25CaO • 1.75 K,0 • l.SNajO 
•IMgO-O.SHjO 

Dipyre from 
Pouzac 

H. Schulz 

13 

15 MO *4(3 A103*12Si02) 

- 3NaCl 

15 ]V[0=9 CaO • 6.5 NaaO • 0.5 KaO 

St.Lawrence 
Co., N.S. 

Lemberg 


0. Scapolites of the type 

ySi 

IR^Si = 3 R2O3 • 15 SiO, 
^Si 





Source 

Analyst 

14 

8M0-2(3Ala03- 15SiOa) 

8 MO=4.6NaaO • 2.6 CaO • 0.6 MgO 
•0.5KaO 

Marialite, 

Pianura 

G. V. Rath 

16 

10MO-2(3AlaO3- ISSiOa) 
•4HaO 

10MO=5.5MgO • 3 KaO • 0.76FeO 
- 0.25 NaaO • 0.5 CaO 

Couseranite, 

Pouzac 

Pisani 


D. Scapolites of the type 
R • Si - Si • B = 5 R2O3 • 12 SiOj 





Source 

Analyst 

16 

10 MO- 2(5 AlaO, - 128105 ) 

10 MO = 10 CaO 

Stansvik 

Lagus 

Olckonen 

17 

10 MO - 2 ( 5 ^ 1303 -12 8103) 

•2HaO 

10 MO = 9 CaO*lNa 2 O 

Clay Co., N.C. 

Berkley 

18 

11 MO- 2(5 AI 2 O 3 *12 8102) 
• 2 H 2 O 

llMO = 10CaO*0.5K2O 
• 0 . 5 Na 2 O 

Pargas 

Wolff 

19 

11 MO -2(5 AlgO^* 12 8102) 
•I 7 H 2 O 

llMO=4MgO-3CaO 

- 3 K 20 *lNa 20 

Wilsonite 
Bathurst, Canada 

Selkmann 

£0 

’ 12 MO - 2(5 AI 3 O 3 * 12 8i02) 

12MO = 12CaO 

Stansvik 

Lagus 

Olckonen 

21 

14 MO- 2(5 AlaOg* 12 8102) 

14 M0=12Ca0*1.6]Sra20 
•O. 5 K 2 O 

Ershyite, Pargas 

N. Norden- 
skiOld 

22 

15 MO -2(5 Al203*12 8i02) 

15M0=13Ca0*2Na20 

Baikalsee 

BCermann 

23 

15 MO -2(5 AI 2 O 3 • 12 SiOa) 

16MO = 13CaO*lMgO 
•0.5 KaO- 0.5 NaaO 

Mejonite from 
Vesuvius 

G. V. Rath 

24 

18M0*2(5Al203*12 SiOg) 
•I 4 H 2 O 

18 MO = 15.5 CaO • 2.5 MgO 
• 10 R203=8.5 AJaOa * 1.6 ¥q^Ob 

Atheriastite, 

Arendal 

Berlin 
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or the general formulae 

(a) m MO • 2 (3 R^Og • 12 SiOg) • n HgO, 
(U) m MO ■ 4 (3 RjOg • 12 SiOj) • n NaQ. 



SiOz 

AlaOa 

I’eaOa 

FeO 

MgO 

CaO 

KaO 

NajO 

HaO 

Naa 

QiCO, 

CX)* 

a 

Tc« 

Theory 

55.38 

23.52 

— 

— 

— 

9.15 

1.82 

10.13 

_ 





100 00 

XVI 

54.70 

23.80 

— 

— . 

0.22 

8-77 

2.14 

9.83 

0.13 

— 

— 





99.59 

Theory 

65.08 

23.41 

— 

— 

1.53 

9.10 

6.29 

3.56 

1.03 





100.00 

XXIII 

53.97 1 

23.68 

— 

— 

1.40 

8.76 

6.43 

3.55 

0.98 

I — ^ 

— 





98.77 

Theory 

55.69 

23.67 

— 

— 

— 

9.75 

0.91 

6.59 



3.39 1 




100.00 

XCIV 

55.04 

23.62 

— 

— 

— 

9.38 

0.73 

6.29 

0.28 

3.69 1 

— 1 

— 

— 1 

99.03 


or the general formula 
m MO • 2 (3 RgOg • 15 SiOg) • n HgO. 



SiOa 

AlaO, 

FeaOs 

FeO 

MgO 

CaO 

1 KsO 

NaaO 

HaO 

Naa 

|caC03 

1 CO* 

1 a 

Total 

Theory 

62.11 

21.12 



I 

0.69 

4.83 

1.62 

9.63 









__ 

100.00 

XVIII 

62.72 

21.82 

— 

— 

0.31 

4.62 

1.15 

9.37 

1 — 

— 

— 

— 

— 

100.00 

Theory 

58.37 

19.85 

— 

1.75 

7.14 

0.90 

9.15 

0.50 

2.34 









100.00 

XXV 

58,33 

20.20 

— 

1,90 

7.20 

0.99 

8.82 

10.76 

2.35 

— 

— 

— 

' — 

100.55 


or the general formula 
m MO • 2 (5 RgOg • 12 SiOg) • nH^O. 



SiOa 

AlaO, 

FeaOa 

FeO 

MgO 

1 CaO 

1 KaO 

NaaO 

HaO 

Naa 

CaOOa^ 

COa 

i a 

Total 

Theory 

47.68 

33.77 

— 

— 

— 

18.55 

— 

— 

— 

— 

— 

— 

— 

100.00 

Lxvni 

47.60 

33.50 

— 

— 

— 

17.20 

— 

— 

— 

— 

: — 

; — 

1 

98.30 

Theory 

47.03 

33.31 

— 

— 

— 

16.46 

— 

2.02 

1 1.18 

— 

— 

! 

— 

1CM>,00 

x-xxvni 

47.54 

34.03 

— 

— 

— 

17.23 

— 

1,82 

1.02 

— 


1 

— 

1 101.64 

Theory 

45.95 

32.55 

— 

— 

— 

17.87 

1.50 

0.99 

1.14 

— 

— 

— 


100.00 

LIX 

45.10 

32.76 

— 

— 

— 

17.84 

0.68 

0.76 

1.04 

— 


— 

— 

mAS 

Theory 

41.88 

29.66 



— 

4.66 

4.89 

8.20 

1.80 

8.91 

— 

^ — 

— 

— 

loo.od 

CXIII 

41.26 

30.31 

— 

— 

4.20 

5.34 

7.43 

1.97 

8.83 

— 

— 

— 

— 

99.34 

Theory 

45.98 

32.66 



— 

— 

21.46 

— 

— 

— 

— 

— 

— 

— 

100.0i0 

LXIX 

45.60 

32.60 

— 

— 

— 

i 23.40 

— 

— 

— 

— 

— 

— 

— 

101.^ 

Theory 

44.02 

31.17 



— 



20.54 

1.43 

2.84 ' 

— 

— 

— 

— 

— 

100.(M) 

LVII 

44.26 

30.37 

— 

— 

0.15 

20.17 

1.16 

2.75 

— 

— 

— 

— 

— 

98.85 

Theory 

43.48 

30.80 



— 

— 

21,98 

— 

3.74 

— 

— 

— 

— 

— 

100.00 

LXXVa 

43.35 

30.62 

0.95 

— 

— 

21.69 

— 

3.74 

— 

— 

— 

— 


100.15 

Theory 

43.56 

30.85 





1.21 

22.02 

1.42 

0.94 

— 

— 

— 

— < 

— 

100.(K) 

XIII 

42.55 

30.89 

0.41 

— 

0.83 

21.41 

0.93 

1.25 

— 

— 1 

— 

1 


98.46 

Theory 

38.23 

23.02 

6.37 

— 

2.65 

23.04 i 

— 1 

— 

6.69 

— 

— 

— : 

: 

im.oo 

XXXVIII 

38.00 

24.10 

5-60 


2.80 i 

22.64 

— . 

— 

6.95 ; 

' — , 




100.09 
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THE SCAPOLITE GROUP 

E. Scapolites of the type 
Si • R • • E • Si = 5 R^Oa • 18 SiOj 





Souice 

Analyst 

25 

14 MO -2(5 RjOj-lSSiOs) 

14 MO =9 CaO • 4.5 Na^O • 0.5 KjO 

Malsj6 

SipOcz 

26 

14MO-2(5RjO,-18SiOj) 

•14HjO 

14 MO=6 CaO • 3 KjO • 3 MgO l Na^O 
. 1 FeO ; 10 RjOs=9 Al^Oj • 1 FejOs 

Tiree 

F. Heddle 

27 

32 MO - 2(5 AljOj • 18 SiO,) 

• 10 H,0 

32 MO=31 CaO • 1 MgO 

Storgard 

Norden- 

skiOld 

28 

8 MO -2(6 RjOs-18 SiOj) 
-lOHjO-SCaCO,) 

8 MO=3.5 KjO - 2.5 CaO • 2 MgO 

10 R20,=9.5 AljOa - 0.5 Fe^O, 

Bolton, 

Mass. 

Gr. V. Rath 


F. Scapolites of the type 
si • R • si • ^i • R • Si = 5 RjOa • 22 SiO* 





Source 

Analyst 

29 

12MO •2{6R,0,-22Si0.) 
•lOHjO 

12 MO = 6.6 Na^O • 5 CaO • 0. 5 MgO 

10 R208=9 AI 2 O 3 * 1 F 62 O 8 

Coquimbo 

Jannetaz 

30 

15M0-2(6Alj0j-22Si08) 

16 MO=3 MgO • 6 CaO • 6 IsTa^O 

Bamle 

Vogt 


G. Scapolites of the type 
R • Si • Si • R = 6 RjOa • 12 SiO* 


( 


i 



Source 

Analyst 

!' 31 

11 MO- 2(6 AljO, -128102) 

llMO=llCaO 

Helsingfors 

Wilk 


11 M 0 - 2 ( 6 A 1203 - 12 Si 02 ) 
• 2 H 2 O 

llMO-llCaO 

Pargas 

Norden- 

skiold 



H. Scapolites of the type 



Si • R • Si • R • 

Si = 6 RjOs • 16 SiOa 




Source 

Analyst 

33 

9M0-2(6R,0,-16Si0j) 

. - 22^0 i 

9 MO =6 CaO • 3 Na,0 • 12 B,0, 
=11.6 A1,0,- 0.5 Fe,Os 

Petteby 

Hartwall 

34 

10 MO • 2(6 AljO, • le SiOi) 

• 12 ir ,0 

10 MO=4.5MgO -415:20 • 1 CaO 
•O.SNagO 

Bathurst, 

Canada 

Hrxnt 

35 

1 

13M0-2(6Ra0,-16Si08) 

13MO=10.6 CaO • 1.5Na,O-0.6K,O 
• 0 . 6 H,O; 12R,0,= 11.6Al,O,-0.6Fe,O, 

Diana,Lewis 

Co.,N.S. 

Hermann 

36 i 

13MO-2(6AljOa-16SiOj) 

-IHjO 

13MO=ll Ca 0 - 2 Na 20 

Ersby 

Hartwall 

Herdberg 

37 

14MO-2(6AljOa-16SiOj) 

• 21 H ,0 

14MO=6CaO ■4MgO • 4K,0 
•lNa ,0 

Bathurst, 

Canada 

Hunt 

38 

iTMO-2(6AljO,-16SiO,) 

•IHjO 

17 MO=14.5 CaO • 2 Na,0 • 0.6 K,0 

Laacher See 

Rath 

39 

18 MO • 2(6 RjO,- 16 SiO,) 
•3H,0 

18 MO= 16.6 CaO • 1.6 Na,0 • 1 MgO 
12 B, 03=11 A1,0, • lFe,0, 

Bolton, 

Mass. 

G. V. Rath 




w 




. 


THE SCAPOLITE GROUP 379 

or the general formulse 

(a) m MO • 2 (5 R-jOj • 18 SiO^) • n H^O, 

(b) m MO • 2 (5 RjOg • 18 SiOj) • n HjO. p CaCOs- 


1 

SiOa 1 

A1,0, 1 

FeiO, 1 

reO 1 

MgO| 

CaO 1 

K,0 1 

Na^O 1 

HaO 

Naa 

1 CaCOs 1 

|co, 1 

Cl 

Total 

Theory 

53.86 

25.44 







12.57 

1.17 

6.96 1 











100.00 

XLIII 

52.48 

25.56 

— 

0.39 

— 

12.44 

0.79 

6.52 

0.61 

0.58 SOs 

— 

0 . 14 ’ 

0.27 

99.78 

Theory 

49.62 

21.05 

3.67 

1.66 

2.75 

7.70 

6.47 

1.42 

5.77 

— 

— 

— 

— 

100.00 

XXIX 

48.92 

22.10 

3.16 

1.51 

2.77 

7.75 

6.06 

1.28 

5.69 

0.54 MnO 

— 

— 

— 

99.78 

Theory 

42.06 

19.86 



— 

0.78 

33.80 

— 



3.50' 

— 

— 

— 

— 

100.00 

LV 

41.25 

20.36 

— 

— 

0.54 

33.58 

— 

— 

3.32 

— 

— 

— 

— 

99.05 

Theory 

50.97 

22.87 

1.89 

— 

1.89 

3.30 

7.76 

— 

4.25 

— 

7.07 

— 

— i 

100.00 

CVI 

49.99 

23.01 

1.64 

— 

1.73 

3.35 

7.09 

0.35 

4.23 

— 

7.80 

— 

, — 

99.19 

or the general formula 













m MO • 2 (5 RjOa • 22 SiOj) • n HjO. 



! SiOa 1 

AlaO, 

FeaOa 

PeO 1 

MgO 

CaO 

KaO 

NaaO 

HaO 

Naa 

CaCOa 

COa 

Cl i 

Total 

Theory 

67.38 

19.95 

3.48 



0.43 

6.09 



8.76 

3.91 








100.00 

LXXVII 

57.40 

19.60 

3.40 

— 

0.40 

6.20 

Trace 

8.80 

3.41 

— 

— 

— 

— 

99.21 

Theory 

58.82 

22.73 

— 

— 

2.67 

7.49 

— 

8.29 

— 

— 

— 

— 

— 

100.00 

XXXIX 

59.66 

22.65 

— 

— 

2.60 

7.32 

— 

8.13 

— 

— 

— 

— 

— 

100.36 


or the general formula 
m MO • 2 (6 RjOs • 12 SiO^) • n HjO. 



SiOa 

AlaOa 

PoaOi 

FeO 

MgO 

CaO 

KaO 

NajO 

HaO 

Naa 

CaCO, 

CO, 

a 

Total 

Theory 

43.90 

37.32 







18.78 















100.00 

LXX 

43.63 

36.93 

— 

— 

— 

18.37 

— 

— ' 

— 

— 

— 

— 

— 

98.93 

Theory 

43.43 

36.91 

— 

— 

— 

18.57 

— 

— 

1.09 

— 

— 

— 

— 

100.00 

LIII 

43.83 

35.43 

— 

— 

— 

18.96 

— 

— 

1.03 

— 



— 

— 

9^26 


or the general formula 
m MO - 2 (6 R2O3 • 16 SiOj) • n HjO. 



sio, 1 

AlaO, 

FeaOa 

FeO 

MgO 

CaO 

|KaO 

Na,0 

HaO 

Naa 

OaCOa 

COa 

a 

Total 

Theory 

51.46 

31.44 

2.16 





9.01 



4.98 

0.96 





' 



100.00 

LXVII 

51.34 

32.27 

1.91 

— 

— 

9.33 

— 

5.12 

1.00 

— 

— 

— 

— 

100.97 

Theory 

47.97 

30.58 

j 

— 

4.50 

1.40 

9.39 

0.77 

6,39 

— 




— 

100.00 

CXII 

47.60 

31.20 

— 

— 

4.19 

0.96 

9.30 

0.88 

6.43 

— 


— 

— 

99.55 

Theory 

49.10 

30.00 i 

2.05 

— 

— 

15.04 

1.20 

2.38 

0.22 

— 

T“ 

— 

— 

looAo 

LXXXVI 

47.94 

30.02 

2.60 

0.26 MnO 

— 

14.41 

0.73 

2.20 

0.31 

— 

— 

— 

— 

98.47 

Theory 

49.20 

31.37 j 

— 

— 

— 1 

15.79 

— 

3.18 

0.46 

— 

— 

■ 

■ — 

100.00 

LXV 

48.87 

31.06 

— 

— 

— 

15.94 

— 

3.25 

0.61 

— 

— 

— 

— 

99.62 

Theory 

43.64 

27.82 



— 

3.63 

6.36 

8.55 

1.41 

8.69 

— 

— 

— 

— 

100.00 

CXI ! 

43.56 

27.94 

0.20 

— 

3.81 

6.50 

8.37 

1.45 

8.61 

— 

— 

— 

— 

100.43 

Theory 1 

46.32 

29.63 



— 

— 

19.69 

1.14 

2.99 

0.43 

— 

. 

— 

— 

100.00 

I 

45.13 

29.83 

— 

— 

0.13 

18.98 

1.40 

2.73 

0.41 

— 

— 

— 

— j 

98.61 

Theory 

45.09 

26.36 

3.76 


0.94 

20.39 

— 

2.18 

1.29 

— 

— 

— 

— 

100^00 

CV 

44.40 

26.52 

3.79 

— 

1.01 

20.18 

0.61 

2.09 

1.24| 

— 

— 


— 

98.74 



j 
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THE SCAPOLITE GROUP 


J. Scapolites of the type 
Si • R • Si • R • Si = 6 RA • 18 SiO^ 





Source 

Analyst 

40 

2 M 0 * 2 ( 6 Al 203 - 18Si02) 
• 6 H 2 O 

2 MO = 1.5 Na 20 • 0.5 H 2 O 

8 t. Lawrence 
Co., N. 8 . 

Rammels- 

berg 

41 

3M0*2(6Al2O3*18Si02) 

• 2 H 2 O 

3 MO = l CaO • 1 NajO • 0.5 MgO 
• 0.5 K 2 O 

Bolton, 

Mass. 

Hermann 

42 

14M0-2(6Al203*18Si02) 

• IH 2 O 

14 MO = 10 CaO • 2.5 NasO ■ 0.5 FeO 
• 0 . 5 X 20 - 0.5 MgO 

Boxborough 

Becke 

43 

14M0-2{6Al20j-18Si02) 

• 4 II 2 O 

14MO=8 CaO • 3.5 MgO • 2 Na 20 
• 0.5 K 2 O 

Glaukolite 

Baikalsee 

Berge- 

mann 

44 j 

14 MO • 2(6Al203 - 18 SiOj) 
•4HjO 

14 MO = 8.5 CaO • 2.5 MgO • 2 NajO 
•O.SMnO-O.SKjO 

» 

Giwar- 

towsky 

45 

15MO-2(6Al203-18Si02) 

• 2 H 2 O 

15 MO = 11 Ca0-4Na20 

Obernzell 
bei Passau 

Fuchs 

46 

17 MO • 2(6 AI 2 O 3 • 18 Si02) 
• 2 H 2 O 

17MO=12 CaO • 3 NajO ■ 1.5 MgO 
• 0.5 K 2 O 

Bolton, 

Mass. 

Wolf! 

47 

18M0-2(6R20j-18Si02) 

• 2 H 2 O 

18 MO = 13.5CaO • 3.5 NajO • 1 MgO 

12B2O8=11.6Al2O3-0.5Fe2O3 

Hirvensalo 


48 

18 MO • 2(6 AI 2 O 3 • 18 SiOa) 
• 4 H 2 O 

18 MO = 14 CaO - 3.5 NagO * 0.5 MgO 

Drothem 

Berg 

49 

18 MO • 2(6 AI 2 O 3 • 18 SiOa) 
•I 3 H 2 O 

18 MO = 15.5 CaO - 2.5 Na 20 

Bolton, 

Mass. 

Thomson 

50 

19 MO *2(6 AI 0 O 3 • 18 Si 02 ) 
• 4 H 2 O 

19 MO = 14.5 CaO - 2.5 NagO * 

• 1,5 MgO • 0.5 KgO 

Bucks 

Co., Pa, 

Leeds 

51 

19 MO- 2(6 AI 2 O 3 *18 8102) 
- 7 H 2 O 

19MO = ll GaO - 4 MgO -2^20 
•2KoO 

Perth, 

Canada 

Hunt 

62 

20 MO- 2(6 R203- 18 8102) 

20MO = 14CaO-6Na2O 

12 R203=11.5 AI 2 O 3 • 0.5 FegOg 

Bolton, 

Mass. 

Wurtz 

53 

20 MO* 2(6 R 0 O 3 - 18 8102) 

- 1 H 2 O 

20 MO = 14 CaO • 5.5 MajO • 0.6 Kfi 
12R203=11.5 AI 2 O 3 • 0 . 6 Fe 2 O 3 

Arendal 

G. V. Rath 

64 

22 MO -2(6 R 2 O 3 -I 8 SIO 2 ) 
- 2 H 20 

22 MO = 18 CaO - 2Na20 - 1.6 MgO 
•0.5 K 2 O ; 12 R20a=llAl203- 1 FegOg 

Bolton, 

Mass. 

ft 

55 

11 MO- 2(6 R 2 O 8 -18 8102) 

• 3 NagCOg 

11 MO = 10 CaO - 0.6 MgO • 0.5 K 2 O 

12 R208= 11,25 AI 2 O 3 - 0.75 FegOa 

Hesselkulla 

Hermann 

56 

iaMO-2(6Al2O3-18Si02) 

•6NaCl 

12 MO = 12 CaO 

Obernzell 
bei Passau 

Fuchs 

57 

15M0*2(6Al203-18Si02) 

-2H20-lNaCl 

15 MO = 12 CaO - 2.5 NagO • 0.6 Kfi 

Ersby 

Lemberg 
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Of -fclxe general formulse 


(^) iia MO • 2 (6 R2O3 • 18 SiO^) • n H^O, 

) in, MO • 2 (6 R2O3 • 18 SiO^) • p Na^COs (or p • NaQ). 


SiOa 

AI2O3 

FeaOa 

FeO 

MgO 

CaO 

K2O 

NasO 

H2O 

Naa 

CaCOs 

CX>t\ 

a ; 

Total 

Tlnoory ' 

60.10 

34.05 

— 

— 

— 

— 



2.59 

3.26 





100.00 

XlOIII 

59.29 

34.78 

— 

— 

0.07 

0.11 

— 

2.31 

3.31 

— 

— 



0.f>0‘ 

100.07 

Tlnoory 

52.56 

29.79 

— 

— 

0.49 

13.63 

1,14 

1.61 

0.88 







— 

100.00 

OIII 

51.68 

29.30 

— 

— 

0.78 

13.51 

0.94 

1.46 

0.82 

O.lSMnO 

— 

— 

1 

99.80 

Tla^ory 

51.19 

29.00 

— 

0.85 

0.47 

13.27 

1.11 

3.68 

0.43 








100.00 

OVIII 

50.53 

29.31 

— 

0.49 

0.46 

13.37 

1.23 

3.91 

0.54 

— 

— 

— 

0.21 

100.05 

Tiioory 

51.25 

29.03 

— 

— 

3.32 

10.63 

1.11 

2.94 

1.72 







■ 

100.00 

LXZXII 

50.58 

27.60 

0.86Mn2O3 

0.10 

3.72 

10.27 

1.27 

2.97 

1.73 

— 

— 

— 

— ! 

99.11 

Tiioory 

50.96 

28.88 

— 

0.84MnO 

2.36 

11.23 

1.10 

2.93 

1.70 







_ 1 

100.00 


50.49 

28.12 

0.40 FeO 

O.eOMnO 

2.68 

11.31 

1.00 

3.10 

1.79 

— 

— 

— 

— 

99.49 

Tliooxy 

50.42 

28.57 

— 

— 

— 

14.38 

— 

5.79 

0.84 

— 





1 

100.00 

XI 

49.30 

27.90 

— 

— 

— 

14.42 

— 

5.46 

0.90 

— 

— 

— 

i 

97.98 

Tlieioiry 

49.26 

27.92 

— 

— 

1.37 

15.33 

1.07 

4.24 

0.81 

— 





1 

100.00 

0 

48.79 

28.16 

0.32 

— 

1.29 

15.02 

0.54 

4.52 

0.74 

— 

— 

— 

— j 

99.38 

'X’lieoiry 

48.41 

26.29 

1.79 

— 

0.90 

16.94 

— 

4.86 

0.81 

— 





i 

100.00 

LXI 

48.15 

25.38 

1.48 

— 

0.84 

16.63 

0.12 

4.91 

0.85 

— 

__ 

— 

— ; 

98.36 

Tlaoory 

48.25 

27.34 



— 

0.45 

17.51 

— 

4.851 

1.60 

__ 

— 1 



— I 

100.00 

XLA7XI 

46.35 

26.34 

0,32 

— 

0.54 

17.00 

0.32 

4.71 

1.60 

0.99 

uue 

I 


— j 

08.17 

Tli^ory 

46.54 

26.37 

— 

— 

— 

18.71 

— 

3.34 

5.04 



— i 

— 

100.00 

:5coix 

46.30 

26.48 

■ — 

— 

— 

18.64 

— 

3.64 

5.04 

— 

— 1 

— 

— 1 

im.m 

Tttesory 

47.68 

27.02 



— ' 

1.32 

17.93 

1.04! 

3.42 

1.59 

— 

— 1 

— 

! 

100.00 

x-xxxv 

47.47 

27.51 

— 

— 

1.20 

17.59 

1.40 

3.05 

1.48 

— 

1 

— 

i 

99.70 

Tlxoory 

46.97 

26.62 

— 

— 

3.48 

13.39 

4.08* 

2.70 

2.76 

— 

— 

1 — 

1 

. 100.00 

OX 

46.30 

26.20 

— 

— 

3.63 

12.88 

4.30 

2.88 

2.80 

— 

— 

— 

i 

98.99 

Tlxeory 

47.29 

25.66 

1.75 

— 

— 

17.16 

— 

8.14 

— 


— 


— ! 

100.00 

01 

17.67 

25.75 

2.26 

— 

— 

17.31 

— 

7.76 

— 

— 

— 

— 

— 1 

100.75 

Ti^teory 

46.93 

25.48 

1.74 

— 

— 

17.03 

1.02 

7.41 

0.39 

— 

— 

— 

— ' 

100.00 

XXXII 

46.82 

26.12 

1.39 

— 

0.26 

17.23 

0.97 

6.88 

0.33 

— 

— 

— 


100.00 

Tlaeory 

45.79 

23.79 

3.39 

— 

1.27 

21.37 

1.00 

2.63 

0.76 

— 

— 

— 

— 

100.00 

OIV 

45.57 

23.65 

3.38 

— 

1.23 

20.81 

0.63 

2.46 

0.78 

— 

— 

— 

— 

98.51 

Tlneory 

49.40 

26.25 

2.74 

— 

0.46 

12.81 

1.07 

4.25 

— 

— 

— 

3.02 

— 

lOO.CK) 

X 

49.49 

26.06 

2.65 

0.25MnO 

0.36 

12.89 

0.80 

4.50 

1 — 

— 

— 

3.00 

i, — 

lOO.CK) 

tr 

9 

0 

49.01 

27.78 

; 

— 

— 

15.25 

— 

— 

— 

7.96 

— 

— 

— 

lOO.CW 

III 

49.42 

27.60 

1 — 

— 

— 

15.25 

— 

— 

— 

7.83 

— 

— 

— 

100.00 

TXeory 

49.62 

28.12 

; 

— 

— 

15.44 

1.08 

3.56 

iO.83 

1.35 

— 

— 

— 

100.00 

XXIII 

49.30 

26.99 

1 — 

— 

— 

15.59 

'0.69 

3.48 

;0.66 

1.35 

— 

— 

— 

98.06 
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THE SCAPOLITE GROUP 


K. Scapolites of the type 
Si • R • Sl • Si • R • Si = 6 R^Os • 22 SiO^ 





Source 

Analyst 

68 

14 MO -2(611208 -22 8102) 

• 12 HaO 

14MO=7.5CaO • 4Kj,0 • 2.5 MgO 

12 E 203 = 11.5 AljOa • 0.5 Fe^O, 

Bolton, Mass. 

G. V. Rath 

69 

18 M 0 - 2 ( 6 Al 203 - 22 Si 02 ) 

• 4 H 3 O 

18 MO=9 CaO • 7 • 1 K^O 

•IMgO 

St. Lawrence 
Co., N.S. 


60 

20 M 0 - 2 ( 6 Al 203-22 SiOg) 

20 MO = 10 Na^O - 9 CaO - 1 KaO 

Monzoni 

Kiepen- 

heuer 

61 

20MO-2(6 Al203-22Si0<>) 
-4HaO “ ! 

20 MO = 7.5 NajO • 7 CaO • 3.5 MgO 
• 1 KjO • 1 HjO 

DipyTe,Breno 

Salomon 

62 

14M0-2(6Al203-22Si02) 

- 2 NaCl 

14 MO = 10 CaO • 3 Na^O • 1 KjO 

Steinhag 

Wittstein 

63 

14M0-2(6Al203-22Si02) 

-4H20-3CaC03 

14 MO = 8.6 CaO • 0.5 KjO • 5 NsjO 

French Creek, 
Pa. 

Genth 

64 

15 MO • 2 (6 AlaOs - 22 SiOg) 
- 2 H 2 O -2^801 

15 MO =8.6 CaO • 6.5 Na^O 

Pargas 

Rammels- 

berg 

65 

15 MO -2 (6 A1203-22 SiOa) 
•2H20-2NaCl 

15 MO = 9 CaO ■ 4 Na^O • 2 KgO 

» 

» 

66 

15M0-2(6Al203-22Si02) 

•4NaCl 

16 MO = 9.6 CaO • 4.6 Na^O • 1 K^O 

St. Lawrence 
Co., N.Y. 



L. Scapolites of the type 
Si-fe-Si-:6,-Si-]^-a = 9 RjOg • 20 SiOg 


\ 



Source 

Analyst 

67 

16 MO • 2 (9 AljO, • 20 SiOj) 

• 18 H ,0 

16 MO=9 CaO - 4 Na^O • 1.6 MgO 
• 1.6 K^O 

Saleix, Ari^ge 

Grandeau 

68 

24MO-2(9Al3O3*20SiO2) 

24 MO=20.6 CaO • 2.5 NagO • 1 FeO 

Vesuvius 

Gmelin 

69| 

26MO •2(9R3O3-20SiO2) 
• 6 H 2 O 

26M0=21Ca0-5K20 

18 R203=16 AI 2 O 3 • 3 F 02 O 3 

Bolton, Mass. 

Muir 

70 

i 

22 MO-2(9Al2O3-20SiO2) 
-4CaC08 

22 MO=19.6 CaO • 2.6 Na^O 

Vesuvius 

Gmelin 
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or tlie general formulae 

Ca-) m MO • 2 (6 RjOg • 22 SiOa) • n HgO, 

Cb ) m MO • 2 (6 RjOg • 22 SiOg) • n HgO • p • NaQ (or p • C^COa). 



SiOa 

Al,Oa 

J&iO, 

FeO 

MgO 

CauO 

K,0 

Na,0 

H«0 

ITaa 

(MXh 

CO, 

a 


'jL'lieory 

52.75 

23.42 

1.60 

— 

2.00 

8.38 

7.51 



4.33 





ICM) W 

CVIa 

52.20 

24.03 

1.71 

— 

1.80 

8.06 

7.40 

0.37 

4.43 

— 







ioo!o(> 

Theory 

52.72 

24.44 

— 

— 

0.80 

10.06 

1.88 

8.67 

1.43 





1C® cm 

XXXXIX 

52.25 

23.97 

Trace 

— 

0.78 

0.86 

1.73 

8.70 

1.20 









18.41 

"Xheory 

51.95 

24.08 

— 

— 

— 

0.92 

1.85 

12.20 









imM 

YII 

52.19 

23.54 

— 

— 

— 

9.61 

2.11 

12.65 

— 

— 

— 





im.m 

Theory 

52.71 

24.44 

— 

— 

2.79 

7.83 

1.88 

9.28 

1.07 







iw.oo 

vrii 

52.74 

23.98 

0.40 

— 

2.77 

7,43 

1.86 

9.00 

1.18 

— 

— 

— 



mM 

Theory 

54.76 

25.39 

— 

— 

— 

11.62 

1.95 

3.86 



2.42 

— _ 1 




\imm 

VI 

54.87 

25.32 

— 

— 

— 

11.63 

1.50 

3.86 

— 

2.15 1 

— 

— 

— 

1 tf.SS 

Theory 

52.08 

24.15 

; — 

— 

— 

12.70 

0.93 

[ 6.11 

1.42 





2.61 i 




r-xxxrv 

52.30 

23.68 

0.58 

— 

0.05 

12.36 

0.77 

I 6.29 

1.50 

— 

— 

2.63 

— 

mi6 

Theory 

54.04 

24.91 

— 

— 

— 

9.69 

— 

1 9.46 

0.73 





1 

1.48 

1W.31* 

XXI 

53.32 

24.67 

— 

— 

— 

1 9.84 

— 

9.12 

0.73 

— 

— 

^ — 

1.73 

W.41 

Theory 

53.43 

24.60 

— 

— 

— 

10.13 

3.78 

6.23 

0.72 1 





i 

il.43 

1W.32* 

XXII 

53.32 

24.08 



— 

— 

9.60 

3.93 

6.31 

1 0.71 1 

— 

— 

— 

1.71 

mm 

Theory 

62.93 

24.38 

— 

— 

— 

10.59 

1.87 

8.03 

( ' 

i j 



! 

1 

2.83 

101.63* 

XCI 

62.90 

24.95 

— 1 

— 

— 

10.64! 

1.53 

i 8.10 

' 1 

— 

— I 

— 

2.33 

100.35 


or the genera.1 formulae 

Ca) m MO • 2 (9 E 2 O 3 • 20 SiOj.) - nllgO, 
(h) mMO • 2 (9 RgOg • 20 SiOg) * n CaCOa. 



SiOa 

Al,Os 

FeaO, 

FeO 

MgO 

CaO 

KtO 


H,0 

Ka41 

GbiCC^ 


a 

TM 

Theory 

43.64 

33.56 



— 

1.09 

9.14 

2.56 

4.49 

5.88 


— 

— 


IW.OO 

XXTII 

44.08 

32.85 

— 

— 

1.18 

9.17 

2.68 

4.43 

6.20 

— 

— 

— 

— 

1W.50 

Theory 

42.78 

32.72 

— 

1.28 

— 

20.46 


2.76 

— 

— 

— 

— 


im.m 

X 

43.80 

32,85 

— 

1.07 

— 

20.64 

1 — 

2,57 

— 

— 

— 

— 

— 


Theory 

38.94 

24.83 

7.78 

— ■ 

— 

19.07 

7.63 

— 

1.75 

— 

— 

— 

— 

imm 

XCVIII 

37.81 

25.10 

7.89 

— 

— 

18.34 

7.30 

— 

1.50 

— 

— 

— 

! — 

97.14 

Theory 

40.80 

31.21 



— 

— 

1 22.37 

— 

2.63 

— 

— 

— 

2M 

1 — 

- 1C»,C» 

IX 

40.80 

3O.6O! 

— 

— 

— 

1 22.10 

— 

2.40 

— 

— 

— 

3.10 

— 

! imM 


* The excess above 100.00 in the Theory-rotal in 64, 65 &6 dn© to th® ca^a* 

equivalent oi the chlorine heing included in to© figure in the Ns^O oulousii. — A* B. S. 
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the okthochlorite group 


The 


The following analyses of the minerals 


A. 

Si- 

• Si 

— 3 R/2^3 

10 SiOj, 

B. 

Si- 

R • Si 

= 3 R 12 O 3 

12 SiOa, 


C. 

/Si 

= 3 R' 2^3 

■ 15 SiOg, 


\si 





Si 




D. 


= 3 £^ 2^3 

• 18 SiOa, 


\si 


E. 

R' 

• sl • B 

= 5 ^ 2^3 

■ eSiOa, 

F. 

Si 

•B • B • ^ 

y = 5R203 

■ 12 SiOa, 


A. Orthochlorites of the type 
Si • R - Si = 3 RjOs • 10 SiOjs 


— 




Source 

l| 

22MO •2(3AliiO3-10SiO2) 

• 16 HjO 

22 MO = 12.5FeO • 7MgO • 1 CaO 
• 0.5 MnO - 0.5 KjO • 0.5 Na^O 

Ortho- 

chlorite 

Bishops Hill 

2 

31 MO • 2 (3 BjOj • 10 SiOj) 

• 26 HjO 

31 MO =27 MgO • 3.5 FeO • 0.5 CaO ; 

6EaOa=5Al203-lFejOa 

Delessite 

St. Cyrus, 
Scotland 

3 

32 MO 2(3B2O3-10SiO2) 
•24HiO 

32MO=30MgO-2FeO; 

6 EaOa=5.5 AljOa • 0.5 FejOa 

Ortho chlorite 
(Clinochlorite) 

Kupferberg 

4' 

34MO-2(3AlsOa-10SiO3) 

• 26 HjO 

34MO=31MgO-3FeO 

Orthochlorite 

Zillertal 

5 

43MO-2(3BjO3-10SiO2) 

•8H3O 

43 MO =40.5 MgO • 2.5 FeO ; 
6B20a=5Al203- 1 0x20, 

>» 

Webster, 

N.C. 


B. Orthochlorites of the types 


si = 3 BA • 12 SiOj 


1 1 

1 1 Source 

6 

25 MO -2 (3 B.Os -128102) 

• 22 HjO 

25 MO =25 MgO 

6 B203=5 AljOa • 1 FOjOa 

Lennilite 

Petham, 

Mass. 

7 

33 MO -2 (3 B 2 O 3 -12 8102) 

• 28 H 2 O 

33 M0 = 19Mg0-6Fe0-7Ca0-lK20 

6 B20a=6.5 AljO, • 0.5 FejOj 

Orthochlorite 

(Pennine) 

Corry- 

charmaig 

8 

33 MO -2 (3 R 2 O 3 - 12 8102) 

• 28 H 2 O 

33 MO =31 MgO - 1 FeO - 1 CaO 

6 B203=6.5 AljOs • 0.5 CxaOa 

Orthochlorite 

Bissersk 

9 

36 MO -2(3^1203 -12 8102) 
• 24 H 2 O 

36 MO=31.5MgO- 1.5Fe01.5K20 
•1 NajO • 0.5 LijO 

tf 

Tilly Foster 
Mine, N.Y. 

10 

38MO-2(3R203-128iO2) 
•28 H 2 O 

38MO=37MgO- IFeO 

6 B203=4.5 AljOj • 1.5 CraOa 


Itkul Sea 

11 

38 MO -2 (3 RgOa- 12 8102) 

• 38 H 2 O 

38MO=38MgO 

6 B203=5.5 AI 2 O 3 • 0.5Fe2O3 

»> 

Calumet 
Falls, Can. 

12 

39 MO -2 (3 RaOg- 12 8102) 
• 3 OH 2 O 

39 MO =39 MgO 

6R2O3=4.5AljO3-0.5Fe2O3' 1 CraOa 

}f 

Texas, Pa. 
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THE ORTHOCHLORITE GROUP 
Orthochlorite Group 

of the orthochlorite group conform to the foUowing types : 


G. 

^i' 

• R 

•l^i 

R- 

■^i 

• =r= 

5 RA 

• 18 

SiOa, 

H. 

Si' 

■E 

•Sl 

•Sl 

•R- 

Si = 

5 Rj 03 

22 

SiOj, 

J. 

la- 

Si' 

•R 



= 

ORjOj 

‘ 6 

SiOj, 

K. 

Si' 

-E- 


■Sl 


= 

6R2O3 

•10 

SiOa, 

E. 

^i' 

■ E ' 

•E^ 

•^i 


— 

6 R2O3 

• 12 

SiOj, 

M. 

Si' 

R 

•&' 

■E 

•a 

= 

6 R2O3 

•16 

SiOj, 

N. 

O. 

sl 

K- 

• ^ 
^i' 

•sl 

E- 

•R 

sl- 

•sl 

R 

= 

6R2O3 

8R2O3 

• 18 

• 12 

SiO,, 

SiOj, 

P. 

]R- 

^i ' 

' R- 

sl' 

:r 

= 

9 R2O3 

• 12 

SiOj. 


or the general formula 
m MO • 2 (3 R 2 O 3 • 10 SiOa) • n H^O. 


Analyst 


i SiOj 

Al,o, 

FeaOa 

Cr*0, 

FeO 

MnO 

CaO 

MffO 

KjtO 1 

NaaO 1 

HaO 

Total 

Heddle 

>» 

Kobell 

Briiel 

Genth 

Theory 

LXIX 

Theory 

V 

Theory 

III 

Theory 

XXIII 

Theory 

CLX 

34.89 

35.41 

32.45 
32.69 

33.17 

33.49 

32.12 

31.47 

31,53 

31.45 

17.79 
18.08 

13.79 
13.44 

15.51 

15.37 

16.38 
16.67 

13.40 

13.08 

0.48 

4.33 

4.40 

2.23 

2.30 



0.55 

3.99 

4.16 

26.16 

26.47 

6.81 

6.62 

3.98 

4.25 

5.78 

5.97 

^ 4.74 
4.88 

1.03 

0.61 

0.11 

1.34 

1.01 

0.76 

0.86 

0.17 

8.14 

8.77 

29.20 

28.77 

33.17 

32.94 

33.19 

32.56 

42.56 
43.10 

1.37 

0.98 

‘ 0.06 

0.90 

0.52 

0.16 XiO 

8.38| 

8.03 

12.66 

13.25 

11 . 94 ; 

11.50 

12.53 

12.43 

3.78 

3.29 

100.00 

100.36 

100.00 

100.03 

100.00 

100.40 

100.00 

99.21 

100.00 

100.35 


or the general formula 
m MO • 2 (3 R 2 O 3 • 12 SiO^) • n 


Analyst 

i 

SiOa 

AJaO, 

FeaO, 

Cr,0, 

PeO 

MnO 

CaO 

MffO 

K»0 

Na,0 

HaO 

Total 

Gooch 

Theory 

1 41.07 

14.55 

4.56 



1 




28.53 

— 


11.09 

100.00 


in 

41.27 

15.19 

4.14 



— 

— 

— 1 

28.25 

— 

— 

11.32 

100.17 

Heddle 

Theory 

33.78 

13.16 

1.88 

— 

10.13 



9.19 

17.83 

2.20 

I 

ll,83i 

100.00 


Lxn 

34.31 

13.64 

0.36 

— 

10.31 

0.23 

8.97 i 

18.14 

1.36 

0.13 

12.41 

99.76 

Hartwall 

Theory 

36.83 

14.36 

— 

1.94 

1,84 



1.43 i 

30.69 



I 

12.91 

100.00 


CXI 

37.00 

1 14.20 

— 

1.00 

1.50 

— 

1.50 i 

31.50 

— 

— 

13.00 

99.70 

Schlaepfer 

Theory 

35.38 

15.04 

— 

' — 

2.65 



0.38 Li^O 

30.95 

3,46 

1.52 

10.62 

100.00 


CXXVII 

36.18 

14.34 

0.28 

— 

2.88 

— 

0.42Li2O| 

31.26 

3.09 

1.99 

10.31 

100.75 

Hermann 

Theory 

34.42 

10.97 

— 

5.46 

1.72 



j 

35.38 

— 



12,05 

100.00 


cxm 

34.64 

10.50 

— 

5.50 

2.00 

— 

— 

35.47 

— 

— 

12.03 

100.14 

Hunt 

Theory 

33.61 

13.09 

1.87 



1 





35.47 





15.96 

100.00 


CXVIII 

33.28 

13.30 

1.92 

— 

i 

— 

— 

35.50 

— 

— : 

16.00 

100.00 

Smith nnd 

Theory 

! 34.03 

10.84 

1.89 

3.60 

1 





36.87 





12.77 

100.00 

Brush 

CXLIV 

33.26 

10.69 

1.96 

4.78 

: — 

— 

— 

35.93i 

— 

0.35 

12.64 

99.61 


2 c 
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Source 

13 

39 MO - 2 (3 RgOa- 12Si02) 

• 30 HgO 

39MO=39MgO 

6 RjO,=4.5 AijOa-O-SFejOa- IG^Oa 

OrthocliloTlte 

Texas, Pa. 

14 

39 MO -2(8 RjOs -12 8102) 

• SSHjO 

39MO=37MgO-2FeO 

6 E20j=5.5 AI 2 O 3 -0.5 FejOa 

99 

2 illertal 

15 

39 MO* 2 (3 RaOs • 12 SiOa) 

• 32 H 2 O 

39MO=37MgO-2FeO 
« E20a=5.5 AI 2 O 3 • 0.5 Fe^Oj 

99 

99 

16 

39 MO • 2 (3 R 2 O 3 • 12 SiOa) 

• 32 H 2 O 

39 MO=37MgO-2FeO 

6 E20s= 5.S AljOs - 0.6 Fe^Oa 

9> 

[Nafifeld 

17 

39 MO • 2 (3 RjOj • 12 SiOj) 

• 32 H 2 O 

39 MO=37MgO-2FeO 

6 E203=5.5 AI 2 O 3 - 0.5 FejOj 

99 

Zermatt 

18 

39 MO* 2 (3 RoOa* 12Si02) 

* 32 H 26 

39MO=37MgO-2FeO 

6 E203=5.5 AI 2 O 3 - 0.5 FejOa 


- 

19 

39 MO * 2 (3 R 2 O 3 * 12 SiOs) 

* 32 H 2 O 

39 MO=37MgO*2FeO 

6 E203=5.5 AI 2 O 3 • 0.5 Fe^Oa 

99 

99 

20 

49 MO* 2 (3 Al^Og* 12 8100 
* 3 OH 2 O 

40 MO=37MgO-3FeO 

99 

Biimenthal 

21 

49 MO* 2 (3 Al^Oa* 12 8100 
* 3 OH 2 O 

»> f9 9} 

*> 

2 e»rmatt 

22 

49 MO* 2 (3 AljsOa* 12 8100 
• 30 HgO 

99 99 9} 

99 

99 

23 

49 MO* 2 (3 AljOg* 12S1O0 
• 3 OH 2 O 

99 99 9) 

99 

99 

24 

49 MO * 2 (3 RaOs * 12 SiOO 
* 3 OH 2 O 

40 MO=38.SMgO • 1.5 MnO 

6 ^ 203 = 5.5 AI 2 O 3 •* 0.5 F © 2^3 

99 

Pojsberg 

25 

43 MO* 2 (3 AlgOg* 12 8100 
• 30 H 2 O 

43 MO =25.5 MgO • 17.5 FeO 

Oiabaatite 

landes- 

freude 

26 

45 MO * 2 (3 RjOa • 12 SiOO 
* 3 OH 2 O 

45 HO=36MgO*7FeO*l MaO-maaO 
6 ^^ 03=5 AI 2 O 3 * 1 F 62^3 

Orthochlorlte 

Sealpay 


C. Oittocliloritea of the type 
/Si 

:R^Si = 3Ris03-15Si0j 
^Si 






Source 

27 

32 MO • 2 (3 AiiOg • 15 SiOj) • 42 H 2 O 

32MO = 29MgO*3F&0 

Orthochlorlte 

Ifortfe 

Buig^sSjCaii. 

28 

32 MO • 2 (3 R 3 O, ■ 15 SiOj) • 64 H 3 O 

32MO=32M:gO 

6 ^^ 03=5 Al 208 ’l F 62 O 5 

99 

Calsagee 
Min©, N.C. 

29 

99 99 99 99 

32MO=32MgO 

6 E 2 O,= 6 Alj 03 -lFej 0 , 

99 

99 

30 

39 MO • 2 <3 AljOs • 16 SiOj) • 2 OH 2 O 

39 MO = 32 MgO - 7FeO 

99 

Traveraella 

31 

48 MO • 2 (3 AI 3 O 3 • 15 SiOj) • SSHjO 

48M0=44MgO 
•21’©0! • ICaO - IMnO 

99 

BeautyhlU 

32 

53 MO • 2 (3 AljOg • 16 SiOj) • SCHgO 

53 MO =47 MgO - 6 FeO 

99 

Zermatt 

33 

99 99 99 99 

99 99 99 

99 

-* 
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Analyst 


SiOa 

AlaOa 

FeaOa 

CtjOs 

FeO 

MnO 

CaO 

MgO 

EaO 

NasO 

HsO 

Total 

Smith and 

Theory 

34.03 

10.84 

1.89 

3.60 





_ 

36.87 



12.77 

100.00 

Brush 

CXLV 

33.30 

10.50 

1.60 

4.67 

— 

— 

— 

36.08 

0.35 Aik 

— 

13.25 

99.75 

Rumpf 

Theory 

33.60 

13.10 

1.83 

— 

.3.36 





34.57 





13.48 

100.00 


XXIV 

34.24 

12.64 

1.64 

— 

3.35 

— 

0.30 

34.86 

— 

— 

14.44 

101.15 

Ludwig 

Theory 

XXV 

33.83 

12.95 

2.25 

— 

3.02 

— 

— 

34.94 

— 

— 

13.11 

100.10 

Telek 

Theory 

— 

— 

— 

— 


















XXI 

33.44 

13.72 

3.40 

— 

3.26 

— 

— 

32.99 

— 

— 

12.71 

99.52 

Schlaepfer 

Theory 

— 

— 

— 

— 

















XLVII 

34.06 

11.75 

1.92 

0.69 

2.78 

— 

— 

33.90 

0.39 

2.45 

13.08 

101.02 

v.Bellenberg 

Theory 

— 

— 

— 

— 

— 















XLIV 

33.12 

13.25 

1.52 

0.60 

4.69 

— 

— 

34.04 

— 

— 

12.87 

100.09 

V. Hamm 

Theory 

XLVI 

33.71 

12.55 

2.74 



3.40 

— 

0.66 

34.70 

— 

— 

12.27 

100.03 

Marignac 

Theory 

33.58 

14.27 

— 

— 

5.04 





34.52 





12.59 

100-00 


XLVIII 

33.95 

13.46 

— 

0.24 

6.12 

— 

— 

33.71 

— 

— 

12.52 

100.00 

99 

Theory 

XXXVIII 

33.36 

13.24 

— 

0.20 

5.93 

— 



34.21 

z 

— 

12.80 

99.74 

99 

Theory 

33.58 

14.27 

— 

— 

5.04 

— 

— 

34.52 

— 



12.59 

100.00 


XXXIX 

33.40 

13.41 

— 

0.15 

5.73 

— 

— 

34.57 

— 

— 

12.74 

100.00 

Wartha 

Theory 

XLHI 

32.51 

14.55 



— 

4.96 

1 — 

— 

34.01 

z 

— 

14.07 

100.10 

Hamberg 

Theory 

33.73 

13.14 

1.87 

— 

2.53 



; 

36.08 



— 

12.65 

100.00 


LXXXVIIl 

33.71 

13.80 

1.64 

— 

2.28 

— 

— 

35.88 

— 

— 

13.11 

100.75 

Liebe 

Theory 

29.56 

12.57 

— 

— 

25.86 

— 



20.94 

— 



11.08 

100.00 


29.37 

12.00 

— 

— 

25.63 

— 

0.33 

21.01 

— 

— 

11.27 

99.28 

Heddle 

Theory 

30.40 

10.77 

3.38 

— 

10.60 

1.50 

— 

30.40 



1.52 

11.43 

100.00 


LXI 

30.41 

11.58 

2.34 

— 

10.71 

1.19 

— 

30.63 

0.01 

1.31 

11.74 

99.92 


or the general formula 
m MO • 2 (3 R 2 O 3 • 15 SiOa) • n HjO. 


Analyst 


SiOa 

AlaOs 

Fe^Oa 

CTjOa 

FeO 

MnO 

CaO 

aiffO 


NasO 

HaO 

Total 

Hunt 

Theory 

39.61 

13.47 



__ 1 

4.75 

25.53 



, 





16.64 

100.(K) 


CXX 

39.30 

14.25 

— 

— 

4.41 

25.73 

— 

— 

— 

— 

16.93 

100.62 

Chatard 

Theory 

38.12 

10.80 

3.38 

— 

— 

— 

— 

27.12 

; 

— 

20.58 

100.00 


CLVIII 

38.29 

11.41 

1.95 

— 

0.32 

0.25{m, Cq)0 

— 

26.40 

j 

— 

21.25 

99.87 

Clarke & 

Theory 

38.12 

10.80 

3.38 

— 


— 

— 

27.12 

— 

— 

20.58 

100.00 

Schneider 

CLIX 

38.13 

11.22 

2.28 

— 

0.18 

0.48 MO 

— 

27.39 

— 

— 

20.47 

100.15 

Marignac 

Theory 

39.51 

13.44 

— 

— 

11.06 

— 

— 

28.09 

— 

— 

7.90 

100.00 


LIV 

39.81 

12.56 



11.10 

— 

— 

28.41 

— 

1 — 

7.79 

99.67 

Heddle 

Theory 

35.11 

11.94 

— 

— 

2.81 

1.38 

1.09 

34.33 

— 

— 

13.34 

100.00 


LXV 

34.73 

12.44 

— 

— 

2.6S 

1.17 

1.60 

34.10 

— 

— 

13.10 

99.82 

Max 

Theory 

33.51 

11.39 

— 

— 

8.01 

— 

— 

35.00 

— 

: 

12.09 

100.00 

Donnell 

XL 

33.64 

10.64 

— 

— 

8.83 

— 

— 

34.95 

— 

— 

12.40 

100.46 

Merz 

Theory 

— 

— 

— 

— 

— 

— 

, — 

— 

— 

— 

— 

— 


1 XLI 

33.26 

11.69 

— 

■— 

7.20 

— 

— 

35.18 

— 

— 

12.18 

99.51 
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D. Orthoclilorites of the type 

.Si 

l^i = 3 RjOs • 18 SiOjs 






Source 

34 

46 MO • 2 {3 AljO, • 18 SiOj) • 22 HjO 

46MO=39MgO-7FeO 

Orthochlorite 

Traversella 

36 

48 MO • 2 (3 AljO, • 18 SiOj) • 24 HjO 

48MO = 35MgO-6FeO-3CaO 
•SNajO-lKjO 

99 

Hillswick 

36 

50 MO • 2 (3 AljOj • 18 SiOj) • 26 HjO 

50MO=40MgO-10FeO 

39 

Traversella 

37 

60 MO • 2 (3 AljOj • 18 SiOj) • 46 HjO 

50 MO=42MgO*8FeO 

99 \ 

North Elms- 
ley, Can. 

38 

69 MO • 2 (3 AljOi • 18 SiOj) • 64 HjO 

59 MO=32.5MgO-26.5FeO 

Biabantite 

Holletal 

39 

63 MO • 2 (3 AljOj - 18 SiOj) • 44HjO 

63 MO=53MgO*10FeO 

Orthochlorite 

Zermatt 

40 

>» » ii » 

» i> 99 

99 

)9 


E. Orthochlorites of the type 

R-^i*R = 5R203-6Si02 






Source 

41 

24 MO • 2 (5 AI 2 O 3 • 6 SiOa • 20 H 2 O 

24 MO =16.5 MgO • 7.5 FeO 

Orthochlorite 

Chester, 



Mass. 


F. Orthochlorites of the type 
Si • R • R • ^i = 6 R 2 O 3 • 12 SiOj 






Source 

42 

12MO-2(5 R203*12Si02) 
• 28 H 3 O 

12 MO = 8MgO-2.5CaO-lMnO0.6KjO 
•10 BjO»=6.5 AljO, • 3.6 FejO, 

Hullite 

Kinkell 

43 

22M0-2(5Al40a-12Si0s) 

•24HjO 

22 MO =21 MgO • 0.6 CaO • 0.6 FeO 

Orthochlorite 

Markirch 

44 

29 MO-2(5 Bj 03-12 SiOj) 
•SSHjO 

29 MO =29 FeO 

10 R203=9 AI 2 O 3 • 1 Fe 203 

Chamosite 

Schmiedefeld 

45 

33 MO- 2(6 BjOs-12 SiO*) 
•32HjO 

33 MO =17.6 MgO-11 FeO • 4.6 CaO 
10 BjOs= 7 AljO, • 3 FejO, 

Chloropite 

Chloropitschdefer 
von KSditz 

46 

34MO*2(5 R303*12Si02) 
•34 H 2 O 

34 MO =20.5 MgO • 12.6 FeO • 1 CaO 
10 RjOa= 8.5 AljO, ■ 1.5 FejO, 

Delessit© 

Friedrichsroda 

47 

36 M0-2(5Al203-12Si02) 
•36HaO 

36 MO =33 FeO • 3 MgO 

Chamosite 

Chrustenie 

48 

38M0*2(5Al203-12Si02) 

• 32 H 2 O 

38 MO =35 MgO -3 FeO 

Orthochlorite 

Newlin, Pa. 

49 

40 M0*2(5R303-12Si02) 
• 32 H 2 O 

40 MO =40 MgO 

10 BjOa= 8.6 AljO, • 1.6 FeA 

99 

Alatal 

60 

40 M0-2(5R208-12Si02) 
• 32 H 2 O 

40 MO =40 MgO 

10 BjO = 8.6 A1,0, - 1.5 Fe,0, 

99 

Achmatowsk 
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or the general formula 
m MO • 2 (3 RjOa • 18 SiOj) • n HgO. 


Analyst. 


1 SiOa 

A1,0. 

m 

1 

Cr,0, 

FeO 

MnO 

CaO 

MgO 

K,0 

N»,0 

H,0 

Total 

Marignac 

Theory 

41.28 

11.70 

— 



9.63 





29.82 



__ 

7.57 

IW.OO 


LV 

41.34 

11.42 

— 

— 

10.09 

— 

— 

29.67 

— 

— 

7.66 

100.18 

Heddle 

Theory 

39.39 

11.16 

— 

— 

7.88 



3.06 

25.53 

1.71 

3.39 

7.88 

100.00 


LXXVIII 

39.81 

11.43! 

— 

— 

7.97 

0.26 

2.80 

25.65 

1.20 

3.15 

7.91 

100.18 

MajrlgrLac 

Theory 

38.84 

11.01 

— 

— 

12.94 

— 

— 

28.76 





8.45 

100.00 


LIH 1 

38.45 

11.75 

— 

— 

12.82 

— 

— 

28.19 

' — 

— 

8.49 

99.70 

Hunt 

Theory 1 

36.88 

10.45 

— 

— 

9.84 

— 

— 

28.69 





14.14 

100.00 


CXIX 

36.70 

10.96 

— 

— 

9.36 

— 

— 

28.19 

' — 

— 

14.31 

99.52 

Liebe 

Theory 

30.29 

8.58 

— 

— 

26.75 

— 

— 

18.23 

— 



16.15 

100.00 


V 

29.85 

9.07 

— 

— 

26.60 



— 

17.92 

— 

— 

15.81 

99.25 

Schweizer 

Theory 

33.73 

9.56 

— 

— 

11.24 



— 

33.10 





12.37 1 

1(K).00 


XXXVI 

33.82 

9.32 

— 

' — 

11.30 

: — 

— 

33.04 

' — 

— 

11.50 

98.98 

9) 

Theory 

XXXVII 

33,07 

9.69 

— 

— 

11.36 

— 

— 

32.34 

— 



12.58 

99.04 


or the general formula 

m. MO • 5 (5 R 2 O 3 • 6 SiOj) • n HjO. 


Analyst 


SiO, 

A1,0, 

Fe,0, 

CraOa 

1 FeO |MnO 

CaO 

MgO 

K,0 

Na,0 

H,0 

1 Total 

Pisani 

Theory 

CXXIV 

21.81 

21.40 

30.91 1 
32.301 

— 

— 

16.36 — 
15.80 — 

— 

20.00 1 
19.90 i 

— 

— 

10.91 

10.90 

100.00 

100.30 


or the general formula 


m MO • 2 (5 EjOj • 12 SiOj) • n HjO. 


Analyst 

i 

SiOa 

AljOa 

FejOa 

Cr,Oj 

FeO 

MnO 

CaO 

MgO 

KaO 

Na,0 

H,0 

1 Totai 

Heddle 

Theary 

38.45 

17.71 

14.95 





1.90 

3.74 

8.54 

1.25 

— 

13.46 

100.00 


n 

38.59 

17.34 

15.97 

— 

— I 

1.56 

3.94 

8.65 

0.67 

— 

13.48 

100.20 

Delesse 

Theory 

37.94 

26.87 

— 

— 

0.94 

— 

0.74 

22.13 

— 

— 

11.38 

100.00 


I 

38.39 

26.54 

— 

— 

0.59 

— 

0.67 

22.16 

— 

— 

11.65 

100.00 

Loretz 

Theory 

27.22 

17.35 

3.02 

— 

39.47 

— 

— 

— 

— 

— 

12.94 

IW.OO 


in 

27.00 

17.00 

4.00 

— 

39.00 

— 

— 

— 

— 

— 

13,00 

100.00 


Theory 

29.07 

14.41 

9.69 

— 

15.99 

— 

5.08 

14.13 

— 

— 

11.63 

100.00 


IV 

29.06 

14.04 

9.27 

— 

15.96 

— 

5.02 

13.95 

— 

— 

11.64 

98.94 

Pofahl 

Theory 

29.18 

17.57 

4.86 

— 

18.24 

— 

1.13 

16.61 

— 

— 

12.41 

lOOM 


IV 

28.79 

16.74 

4.83 

— 

18.30 

— 

0.98 

16.62 

— 

— 

12*25 

100.21 

Boricky 

Theory 

25.69 

18.20 

— 

— 

42.40 

— 

— 

2.14 

— 

— 

11.57 

100.00 


VI 

25.60 

18.72 

— 

— 

42.31 

— 

— 

2.13 

— 

— 

11.24 

100.00 

Leeds 

Theory 

30.96 

21.92 





4.64 

— 

— 

30.09 

— 

— 

12.39 

100.00 


CXXXVII 

30.62 

21.73 

0.42 

— 

5.01 

— 

— 

29.69 

0.11 LigO 

0.14 

12*26 

99.98 

Marignac 

Theory 

30.49 

18.36 

5.08 

— 

— 

— 

— 

33.88 

— 


12.19 

imm 


L 

30.01 

19.11 

4.81 

— 

— 

— 

— 

33.15 

— 

— 

12*52 

99.60 


Theory 

30.49 

18.36 

5.08 



— 

— 

— 

33.88 

— 

— 

12.19 

100.(K) 


XCI 

30.27 

19.85 

4.42 

— 

— 

— 

— 

33.13 

— 

— ; 

12.54 

100.25 
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Source 

51 

40 MO • 2(5 AljO, • 12 SiOj) 

• 32 HjO 

40 MO =23.5 MgO • 16.5 FeO 

Orthochlorlt© 

Gumuch, Dagh. 

52 

40 MO • 2(5 AljOj • 12 SiOa) 

• 34 HjO 

40MO=22MgO-18FeO 

ff 

Sept-Lacs 

53 

40 MO • 2(5 RjO, • 12 SiO.) 

• 34 HjO 

40MO=38MgO-2FeO 

10 R20j=9 AI 2 O 3 • 1 FejO, 

99 

BorostyankO 

64 

40 MO ■ 2(5 Al^O,- 12 8102) 

■ 40 HjO 

40 MO =38 MgO -2 FeO 

>> 

Alatal 

56 

40 MO • 2(5 AljOa • 12 SiOj) 

• 40 HjO 

>> » >> 


99 

66 

41 MO -2(5^203 -12 8102) 

• 34 H 2 O 

41MO=37MgO-4PeO 

10 R20j= 9.5 AljOa ■ 0.5 Fe^Oj 

99 

Montafun 

57 

41 MO • 2(5 Al^Oa - 12 8102) 

• 46 H 2 O 

41 MO=34 FeO - 5 MgO - 1 CaO 
-IK 3 O 

Metaohlorlte 

Biichenberge 
bel Elblngerode 

58 

42 MO • 2(5 AI 2 O 3 - 12 8102) 

• 32 H 2 O 

42 MO =38 MgO -4 FeO 

Orthochlorlte 

Culsage© Mine, 

N.C. 

59 

42 MO- 2(5 AI 2 O 3 *12 8102) 

- 34 H 2 O 

42MO=41.5MgO •0.5FeO 

99 

Amity, N.Y. 

60 

42 MO- 2(6 AI 2 O 3 -12 8102) 

- 46 H 2 O 

42MO=21MgO-20FeO 
• 1 NajO 

99 

Foundry Run, 
Georget, D.O. 

61 

46 M0-2(5Al208-12 8102) 

• 28 H 2 O 

46 MO =24 MgO -22 FeO 

99 

St. Gotthard 

62 

46 M0-2(5Al203-12S102) 
- 38 H 2 O 

46 MO =33 MgO • 12 FeO • 1 CaO 

99 

Zillertal 

63 

47 MO -2(5 RaOa* 12 8102) 

• 36 H 2 O 

47 MO = 33.5MgO-12.6FeO-lMnO 
10 R303=9.5 AljOa • 0.5 Fe^Oa 


Loch Laggan 


G. Orthochlorites of the type 
Si ■ E • ■ E • s'! = 5 RjjOs • 18 SiO^ 






Source 

64 

42 MO- 2(6 RgOs* 18 8102) 
- 36 H 2 O 

42 MO =42 MgO 

10 R308=7.5 AlaOa • 2.5 FeaOa 

Lennilite 

Lenni 

65 

44 MO -2(5 R 2 O 3 *18 8102) 
- 34 H 2 O 

44MO=37.5MgO •3.5FeO • 3 CaO 

10 Ba03=7.5 AljOa • 2.5 FejO, 

Berlauite 

Berlaubach 
bel Budweis 

66 

44M0-2(6R203*18Si02) 

- 40 H 2 O 

44 MO = 28.5 MgO • 14 FeO ■ 1.5 CaO 

10 BaOa=7.5 AljO, - 2.6 FejO, 

Euralite 

Kiperjarvi 

67 

44MO- 2(5 R 2 O 3 * 18 8103) 
- 58 H 2 O 

44 MO = 37.5 MgO • 3.5 FeO • 3 CaO 

10 RaOa=7.5 AljO, • 2.5 FejOa 

Berlauite 

Berlaubach 
bel Budweis 

68 

63 MO- 2(5 RgOa- 18 8102) 
- 48 H 2 O 

53 MO =53 MgO 

10 R203=7 AljOa • 3 FeaOa 

Ortho- 

chlorite 

Snarum 

69 

64M0-2(5Al203-18Si02) 

- 48 H 2 O 

54MO=53MgO-lFeO 

99 

Ploben 

70 

66 MO- 2(5 RgOa* 18 8102) 
- 64 H 2 O 

56 MO =33 MgO • 18 FeO • 2 CaO 1 MnO 
• l.SNajO-O.SKjOjlORaOa = OAl^Oa- IFejOa 

Delessite 

Ehe, Fife- 
shire 

71 

57M0-2(5R203-18Si02) 

• 48 H 2 O 

57 MO =67 MgO 

10 BaOa=7 AljO, - 2.5 CtjOa ■ 0.5 Fe^Oa 

Ortho- 

chlorite 

Texas, Pa. 

72 

57 MO- 2(5 R 2 O 3 * 18 8102) 

- 48 H 2 O 

67 MO =67 MgO 

10 R20a=7 AljOa • 2.5 CijOa • 0.6 FejO, 

99 

99 99 






W' 
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Analyst 


SiO» 

AIjOs 


CtjOs 

PeO 

MnO 

CaO 

MgO 

K,o 


H,0 

Total 

Xi. Smith 

Theory 

27.88 

19.75 

— 

— 

23.01 





18.21 




11.15 

100.00 


CXIV 

27.20 

18.62 

— 

— 

23.21 

— 

— 

17.64 

— 

— 

10.61 

97.28 

Marigriac 

Theory 

27.4:4 

19.44 

— 

— 

24.70 

— 



16.77 





11.65 

100.00 


LX 

27.14 

19.19 

— 

— 

24.76 

— 

— 

16.78 

— 

— 

11.50 

99.37 

Szilasi 

Theory 

30.04 

19.15 

3.34 

— 

3.00 





31.71 





12.76 

100.00 


XVI 

30.45 

18.96 

3.70 

— 

2.21 

— 

— 

32.20 

— 

— 

12.79 

100.31 

Jaimasch 

Theory 

29.73 

21.06 

— 

— 

2.97 





31.37 





14.87 

100.(K) 


LX 

29.31 

21.31 

0.07 

— 

3.24 

— 

— 

31.28 

— 

0.43 

14.58 

100.22 

99 

Theory 

— 

— 

— 

— 
















LII 

29.59 

24.82(Al203+Fe0) 

— 

— 

— 

31.46 

— 

0.30 

14.73 

100.90 

Wartha 

Theory 

29.57 

19.91 

1.64 

— 

5.91 





30.41 





12.56 

100.00 


XXXII 

29.44 

20.98 

2.00 

— 

5.60 

— 

— 

30.31 

— 

— 

12.29 

100.62 

List 

Theory 

1 23.65 

16.76 

— 

— 

40.22 

— 

0.93 

3.28 

1.55 



13.61 

100.00 


i I 

23.78 

16.43 

— 

— 

40.37 

— 

0.74 

3.10 

1.38 

0.08 

13.76 

99.64 

Genth 

Theory 

29.73 

21.06 

— 

— 

5.94 



— 

31.38 





11.89 

100.00 


CLVI 

29.48 

22.22 

0.70 

— 

5.30 

0.17 

— 

30.99 

0.11(NiCo)O 

11.63 

100.60 

Sipocz 

Theory 

30.20 

21.40 

— 

— 

0.76 

^ 



34.81 





12.83 

1100.00 


CXXV 

30.28 

22.13 

— 

— 

1.08 

— 

— 

34.45 

— 

— 

12.61 

1 100.55 

Clarke 

Theory 

25.57 ' 

18.11 

— 

— 

25.57 





14.92 



1.09 

14.70 

100.00 


CLI 

25.45 

17.88 

— 

— 

24.98 

— 

— 

15.04 

— 

0.67 

14.43 

98.45 

Varren- 

Theory 

26.14 

18.52 

— 

— 

28.76 

! 



17.43 





9.15 

100.00 

trapp 

XXXIII 

25.37 

18.50 

— 

— 

28.79 

— 

— 

17.09 

— 

— 

8.96 

98.71 

Tscher- 

Theory 

26.69 

18.91 

— 

— 

16.02 



1.04 

24.47 





12.87 

100.00 

mak 

XXXI 

26.30 

19.80 

— 

— 

15.10 

— 

1.00 

24.40 

— 

— 

12.40 

99.00 

Heddle 

Theory 

26.42 

17.79 

1.47 

— 

16.52 

1.30 



24.59 





11.91 

100.00 


LXXV 

26.25 

19.22 

1.67 

— - 

16.44 

1.02 


24.35 

— 

— 

11.67 

100.62 


or the general formula 
m MO • 2 (5 RjOg • 18 SiOj) • n H-sO. 


Analyst 


SiOa 

AI 2 O, 1 

PejOj 

Cr20a 

PeO 

MnO 

CaO 

MgO 

K,0 

NatO 

HsO 

IMal 

Gooch 

Theory 

38.21 

13.53 

7.08 

— 



— 



29.72 



— 

11.46 

100.00 


II 

38.03 

12.93 

7.02 

— 

0,50 

— 

— 

29.64 

— 

— 

11.68 

1 99.80 

Schrauf 

Theory 

36.88 

13.05 

6.83 

— 

4.31 

— 

2.86 

25.62 

— 

— 

10.45 

100.00 


II 

37.25 

13.75 

6.86 

— 

4.02 

— 

2.81 

25.77 

— 

— 

9.82 

100.28 

Wilk 

Theory 

34.41 

12.18 

6.37 

— ' 

16.06 

— 

1,34 

18.16 

— 

— 

11.48 

; 100.00 


I 

33.68 

12.15 

6.80 

— 

15.66 

— 

1.34 

17.92 

— 

— 

11.49 

1 99.04 

Schrauf 

Theory 

34.35 

12.16 

6.36 

— 

4.00 

— 

2.67 

23.85 

— 

— 

16.61 

100.00 


I 

34.38 

12.69 

6.33 

— 

3.71 

— 

2.59 

23.79 

— 

— 

16.79 

100.28 

Rammels- 

Theory 

34.07 

11.27 

7.57 

— 

— 

— 

— 

33.45 

— 

— 

13.64 

100,00 

berg 

LXXIX 

34.88 

12.48 

5.81 

— 

— 

— 

— j 

34.02 

— 

— 

13.68 

100.87 

V. Drasche 

Theory 

34.64 

16.35 

— 1 

— 

1.14 

! 

! 

34.00 

— 

— 

13.87 

; 100.00 


XII 

34.63 

17.13 

— 

— 

1.61 

— 1 

— : 

33.38 

— 

— 

13.93 

100.68 

Heddle 

Theory 

30.22 

12.84 

2,24 

— 

18-14 

0.^9 

1.56 

18.46 

0.65 

1.30 

13.60 

100.00 


IX 

30.69 

12.83 

1.63 

— 

18.32 

1.00 

1.59 

18.60 

0.57 

1.11 

13.77 

100.11 

Genth 

Theory 

33.34 

11.02 

1.24 

5,88 

— 

— 

— 

35.19 

— 

— 

13.33 

100.00 


CXLII 

33.20 

11,11 

1.43 

6.85 

— i 

— 

— 

35.54 

0.38 Aik 

— i 

12.95 

101.46 

DiefiEen- 

Theory 

33.34 

11.02 

1.24 

5.88 

— 

— 

— 

35.19 

— 

— 

13.33 

100.00 

bach 

CXLVI 

33.04 

11.09 

1.33 

5.91 

— 

— 

— 

34.30 

0.38 Aik 

— 

12.81 

98.86 
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Source 

73 

68 MO • 2(5 AI 2 O 3 • 18 SiOj) 
• 48 H 2 O 

58MO=66MgO -SFeO 

Ortho- 

chlorite 

Zdjar-Berg 

74 

60 MO* 2(5 R 2 O 3 *18 8103) 
• 48 H 2 O 

60 MO=64 MgO • 5 FeO • 1 CaO 

10 Ra03=9 AI 2 O 3 * 1 F 62 O 3 


Hillswick 

75 

61M0*2(5Ra03*18Si0a) 

61MO=60MgO-lFeO 

>> 

iGreenValley 


*48HaO 

10 R 2 O 3 — 5 AlaOa * 5 CraOa 


Cal. 

76 

61M0*2(5Al303*18Si02) ' 
• 44 H 2 O 

61MO=65MgO-6FeO 

>> 

Zillertal 

77 

63M0*2(5R203-18Si02) 

•62Ha0 

63 MO =60 MgO • 2 FeO • 1 CaO 

10 B,0,=8.S AljO, • 1.6 Cr,Os 

99 

99 

Texas, Pa. 

78 

63M0*2(5R203*18Si0a) 

*62Ha0 

63 MO=60 MgO • 2 FeO • 1 CaO 

10 R,Oa=8.5 AljOa • 1.6 CrjO, 

99 

»> 

79 

65 M0*2(5Ala03*18 SiOa) 
*44Ha0 

66 MO =68 MgO • 6 FeO • 1 CaO 
•0.6K,O-0.5NaaO 


; Tilly Foster 

I Mine, N.Y. 


H. OrthocUorites of the t3rpe 
Si • R • S"i • • E • S = 5R2O3 • 22 SiO, 




1 


Source 

80 

42 MO* 2(5 BaOa -22 8102) 
*36H20 

42MO=:33MgO*8FeO*l CaO 

10 Ra03= 6.6 AlaOa • 3.5 FeaOg 

Epichlorite 

Harz 

81 

46M0*2(5Fe203-22 8102) 
*60HaO 

46 MO =46 FeO 

Cron- I 

stedtite 

Pfibram 

82 

61 M0*2(5Ra03*22 8iOa) 
*48HaO 

61 MO =48.6 MgO * 2.5 FeO 

10 Ra03=9 iUa^s * 1 ^©gOg 

Lennilite 

Kremze 

83 

62 M0*2(5R203-22 8i02) 
*62 HaO 

52MO=44MgO*5CaO*2.5FeO0.5 NiO 
10RaO3=8AlaO3*2CraO3 

Ortho- 

chlorite 

Texas, Pa. 

84 

60 M0*2(5R203-22 8102) 
*24 HaO 

60 MO=61 MgO-3 KjO-3 FeO-3 Na^O 

10 B,Oa=8.6 AljOj • 1.6 Fe^Oj 

ft 

Taberg 

85 

60MO*2(5R208 - 22 8102) 
*44 HaO 

60 MO = 32 MgO • 27 FeO • 1 CaO 

10 BjO,= 8.6 AljOa -1.5 FejO, 

Diabantite 

Farmington 

Hills 

86 

60 MO * 2(6 RaOa* 22 8102) 
•44 HaO 

60 MO=32 MgO - 27 FeO • 1 CaO 

10 RjOs=8.6 AljOg • 1.5 FejO, 

ft 

ff 

87 

69 MO* 2 ( 6 Ra 03-22 SiOa) 
*62 HaO 

69 MO=41.5 MgO • 27.5 FeO 
10BjO,=8AljO,-2FejO5 

ft 

Trillochtal 

m 

72 MO *2(5 AI 2 O 3 *22 8102) 

• 56 HaO 

72 MO =47 MgO • 25 FeO 

ft 

Landes- 

freade 

89 

72 MO * 2(5 AI 2 O 3 • 22 SiOa) 
*56 HaO 

ft »» 

ft 

ff 

90 

72 MO * 2(5 AI 2 O 3 * 22 SiOj) 
*66 HaO 

tr ft ft 

ft 

Grafenwart 

91 

73 M 0 * 2 ( 5 Al 203*22 SiOa) 
*54 HaO 

73MO=66MgO*7FeO 

Ortho- 

chlorite 

Zermatt 

92 

74M0*2(6Ra03*22 SiOj) 
*64 HaO 

74 MO =66 MgO * 6 CaO * 2 FeO 

10 Ra03=6 AlaOa • 4 OjOa 

ft 

XJnst 

93 

76 MO * 2(5 RaOg * 22 SiOa) 
*58 HaO 

75MO=73MgO*2FeO 

10 RaOa=9 AaOj * 1 FcaOa 

ft 

Zermatt 

94 

79 MO *2(5 AlaOa* 22 SiOa) 
•50 HaO 

79 MO = 46.5 MgO * 32.5 FeO 

Diabantite 

Reinsdorf 
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S9S 


Analyst 


SlOa 

A1,0, 

FetO. 

CraOj 

FeO 

MnO 

CaO 

mo 


K. V, 

Theory 

33.60 

15.87 

— 



2.24 



34.85 


Hauer 

XIV 

33.51 

15.42 

— 

— 

2.58 

— 

— 

34.41 



Heddle 

Theory 

32.35 

13.76 

2.39 


5.39 



0.83 

32.34 



LXVIII 

32.55 

13.95 

0.97 

— 

5.28 

0.16 

0.79 

32.78 

0.48 

Melville 

Theory 

31.92 

7.54 

— 

11.25 

1.06 





35.46 



CLXII 

31.74 

6.74 

— 

11.39 

1.23 

, — 

0.18 

35.18 

0.49 NiO 

Kobell 

Theory 

32.71 

15.44 

— 

— 

6.54 





33.32 



XXII 

32.68 

14.57 

— 

— 

5.97 

0.28 

— 

33.11 

1,02 Resid. 

Pearse 

Theory 

31.71 

12.73 

— 

3.33 

2.11 



1.12 

35.23 



CXLVII 

31.31 

12.84 

— 

2.98 

2.46 

— 

0.82 

35.02 

0.45 NiO 

Pearse 

Theory 

31.71 

12.73 

— 

3.33 

2.11 



1.12 

35.23 



CXLVIII 

31.86 

13.75 

— 

2.15 

2.31 

— 

1.27 

34.90 

0.22 NiO 

Breiden- 

Theory 

31.83 

15.03 

— 

— 

5.30 



0.82 

34.19 

0.69 

baugh 

CXXVI 

32.33 

14.56 

— 

— 

5.29 

— 

1.04 

33.74 

0.87 


Na,0 H,0 Total 


0.06 


0.46 

0.54 


13.44 100.00 


13.21 


12.94 100.00 


13.17 

12.77 

13.04 

11.99 

12.10 

13.75 

13.20 

13.75 

13.98 

11.68 

12.02 


99.13 


100.19 

100.00 

99,99 

100.00 

99.73 

100.(K) 

99.08 

100.00 

100.44 

100.00 

100.39 


or the general formula 

ra MO • 2 (5 • 22 SiOg) • n H^O. 


Analyst 


SiOa 

AltO, 

Fe,0» 

CtjOt 

FeO 

MnO 

CaO 

mo 

K,0 

NaiO 

HaO 

Total 

Pammels- 

Theory 

40.85 

10.26 

8.66 

; — 

8.91 



0.87 

20.43 



10.02 

100.00 

berg 

I 

40.88 

10.96 

9.72 

! — 

8.96 

— 

0.68 

20.00 

— 

— 

10.18 

100.38 

Field 

Theory 

31.24 

— 

18.93 

; — 

39.19 

— 









10.64 

100.00 


IX 

31.72 

— 

18.51 

— 

39.46 

— 

— 

— 

— 

— 

11.02 

100.71 

Sohrauf 

Theory 

39.38 

13.70 

2.39 

i — 

2.68 

— 



28.95 



— 

12,90 

100.00 


I 

38.88 

13.45 

3.22 

! — 

2.55 

— 

0.45 

28.57 

— 

— 

12.75 

99.87 

Garret 

Theory 

37.77 

11.68 

— 

4.35 

2,57 

— 

4.01 

25.17 

l.OONiO 



13.39 

100.00 


CXLIII 

37.66 

11.82 

— 

3.60 

2.50 

— 

4.11 

24.98 

0.67NiO 

— 

13.5& 

98.92 

Paltauf 

Theory 

38.24 

12.56 

3.48 

— 

3.13 

— 



29.65 

4.09 

2.69 

6.26 

100.00 


LXXXVI 

38.04 

12.62 

2.53 

— 

2.93 

0.51F1 

0.48 

29.45 

4.17 

2.73 

6.25 

99.71 

Hawes 

Theory 

33.76 

11.08 

3.07 

— 

24.86 

— 

0.72 

16.37 

— 



10.14 

100.00 


VIII 

33.24 

11.07 

2.26 

— 

25.11 

0.41 

1.11 

16.51 

— 

0.25 

9.91 

99.87 


Theory 

33.76 

11.08 

3.07 

— 

24.86 

— , 

0.72 

16.37 

— ! 

— 

10.14 

100.00 


IX 

33.68 

10.84 

2.86 

— 

24.33 

0.38 

0.73 

16.52 

— 

0.33 

10.02 

99.69 

Liebe 

Theory 

31.61 

9,77 

3.83 

— 

23.70 

— 

— 

19.83 

— 

— 

11.21 

lOO.W) 


VI 

31.25 

10.03 

3.47 

— 

23.52 

— 

— 

19.73 

— 

— 

11.37 

99.37 

y> 

Theory 

31.63 

12.22 

— 

— 

21.56 

* — 

— 

22.52 

— 

— 

12.07 

iocy» 


in 

31.69 

12.22 

— 

— 

21.26 

— 

— 

22.05 

! 

! — 

12.47 

1 99.69 


Theory 

31.63 

12.22 

— 

— 

21.56 

— 

— 

22.52 

— 

■ — . 

12.07 

100.00 


IV 

31.38 

11.89 

— 

— 

22.72 

— 

— 

22.91 

— 


10.91 

99.81 


Theory 

31.63 

12.22 

— 

— 

21.56 

— 

— 

22.52 

— 

— 

12.07 

100.00 


vn 

31.56 

12.08 

: — 

•— 

21.61 

— 

— 

22.44 

— 

— 

11.78 

99.47 

Piccard 

Theory 

33.94 

13.12 

— 

— 

6,49 

— 

— 

33.94 

— 

— 

12.61 

100.00 


XLII 

33.54 

13.39 

— 

— 

6.62 

— 

— 

33.66 

— 

— 

12.38 

99.49 

Heddle 

Theory 

32.46 

7.52 

— 

7.49 

1.77 

— 

4.13 

32.46 

— 

— 

14.17 

1(K).00 


LXIV 

32.31 

7.50 

— 

7.89 

2,08 

— 

3.83 

32.15 

— 

— 

14.25 

1(M).01 

V. Fellen- 

Theory 

33.73 

11.73 

2.04 

— 

1.84 

— 

— 

37.32 

— 

— 

13.04 

100.00 

berg 

XLV 

33.97 

11.66 

2.49 

— 

1.81 

■ — 

— 

37.60 

— 

— 

13.57 

101.10 

Liebe 

Theory 

30.14 

11.64 

— 

— 

26.70 

— 

— 

21.24 

— 

— 

10.28 

100.00 


I 

30.27 

11.16 

— 

~ , 

26.94 

— 

— 

21.22 

— 

— 

10.20 

99.79 
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J. Orthochlorites of the type 
R • Si • ]R = 6 R2O3 • 6 SiOa 






Sotiice 

95 

18MO-2(6Feo03-6Si02) 

• 22 Had 

18 MO = 18 FeO 

Cron- 

stedtite 

Kuttenberg 


K. Orthochlorites of the type 

Si • R • R • a = 6 RgOj • 10 SiOa 






Source 

96 

16MO-2(6R2O3*10SiO2) 

• 28 HaO 

16MO=16MgO 

12 Eji03=9.5 AljOs - 2.5 Fe^Oa 

Ortho- 

chlorite 

Unionville 

97 

16MO-2(6Il2O3-10SiO2) 

• 30 HaO 

16MO = 16MgO 
12Ej0j=8Al20,-4Fe203 

- 

99 

98 

20MO-2(6R2O3*10SiO2) 

• 24 H 2 O 

20 MO = 18 FeO • 1.5 MgO • 0.5 CaO 

12Ej03=8.5A1j 08- 3.5Fe303 

Aphro- 

siderite 

KOnigshain 

99 

23 MO • 2(6 R 2 O 3 * 10 SiOa) 
•26 H 2 O 

23MO = 17MgO-5FeO- IK 3 O 

12 E303= 11 AljOj • 1 FejOj 

Ortho- 

chlorite 

Unionville 

100 

23 MO • 2(6 R 2 O 3 -10 8102) 

• 26 HaO 

23 MO = 17 MgO • 5|FeO • 1 K^O 
12 E 303 =llAlj 0 s-lFe 30 , 


99 

101 

26MO-2(6R2O3-10SiO2) 
•30 H 2 O 

26MO=24FeO-2MgO 

12 E203=8 AI 2 O 3 • 4 FejOa 

Thuringite 

Harper’s 

Ferry 

102 

26 MO-2(6R2O3-10SiOa) 

• 30 H 2 O 

26 MO =24 FeO -2 MgO 

12 R 2 O 3 = 8 AI 2 O 3 • 4 FegOg 


Schmiede- 

feld 

103 

26MO-2(6B2O3-10SiO2) 

• 30 H 2 O 

26 MO = 23.5 FeO • 2 MgO • 0.5 NagO 

12 R203^=8 AI 2 O 3 4 Fe203 

” 

Harper’s 

Ferry 

104 

26MO •2(6R203- lOSiOj) 

• 30 H 2 O 

26 MO = 23.5 FeO • 2 MgO • 0.5 ITa^O 
12R203=8 AlaOa • 4Fe203 

” 

99 

105 

27MO-2(6Fe2O8-10 SiOa) 
•24 H 2 O 

27 MO = 19 FeO • 7 MgO • 1 MnO 

Cron- 

stedtite 

PHbram 

106 

27 MO-2(6R2O3-10SiO2) 

• 30 HaO 

27 MO = 23.5 FeO -2.5 MgO - IMnO 

12 R203=8 AlaOa- 4 

Thuringite 

Hot 

Springs 

107 

28M0-2(6R203- lOSiOa) 

• 32 HaO 

28 MO = 28 FeO 

12 R203=9.5 AI 2 O 3 • 2.5 FcaOa 


Zirmsee 

108 

29 MO • 2(6 FegOg • 10 SiOa) 
•32 HaO 

29 MO =20 FeO • 7 MgO - 2 MnO 

Cron- 

stedtite 

PHbram 

109 

29MO-2(6Fe2O3-10 SiOa) 
•32 HaO 

» >t 


- 

110 

30MO-2(6R203- lOSiOg) 

- 28 HaO 

30 MO=23 MgO • 6 FeO • 1 MnO 

12 R203=10.5 AlgOg • 1.5 FeaOg 

Klementite 

Vielsahn 

111 

30 MO -2(6^203- 10 SiOa) 

• 32 HaO 

30 MO =27.5 FeO • 1 MgO 
-INaaO-O.SMnO 

Daphnite 

Penzance 

112 

30MO-2(6R2O3*10SiO2) 

• 32 HgO 

30MO=21.5FeO • 8.5 MgO 

12 R 203=11 AlgOg • 1 FegOg 

Ortho- 

chlorite 

Dullen 

113 

30MO-2(6Fe2O3*10 SiOa) 
• 38 HaO 

30 MO=23 FeO • 6 MgO • 1 MnO 

Cron- 

stedtite 

Pribram 

114 

34 MO- 2(6 RgOa- 10 SiOa) 

• 32 H 2 O 

34MO=22MgO-12FeO 
12Ra08=ll AI 2 O 3 • IFeaOg 

Ortho- 

chlorite 

Washing- 
ton, D.C. 

115 

36 MO- 2(6 RgOs- 10 SiOa) 

• 28 HaO 

36 MO = 15.5 MgO • 16 FeO • 0.5 MnO 
12R2O3=10.5AlaO3- 1.5 FegOg 

99 

Steeles 
Mount, N.C. 



THE ORTHOCHLORITE GROUP 

or the general formula 

Mr MO • 2 (6 R2O3 • 6 SiOj) • n H^O. 


Analyst 


SiOa 

AI 2 O, 

1 Fe20a 

Cr20s j 

FeO 

MnO 

1 

CaO 

MgO 

1 K 2 O j NajO 1 HsO i Total 

Hosam 

1 Theory ' 
1 VI 

16.62 

17.34 


44.321 — 

43.051 — 

29.92 

30.27 

0.16 

— 


— j — 9.14100.00 

— 1 — 9.18100.00 


or the general formula 

ra MO • 2 (6 R2O3 • 10 SiOj) • n H^O. 


Analyst 


SiOa 1 

AI 2 O 3 

FejO, 

CtjOs 

FeO 

MnO 

CaO 

|MgO 

KaO 

NaaO 

HaO 

Total 

Konig 

Theory 

32.32 

26.10 

10.77 

— 

— 

— 



17.25 






CXXXIV 

32.80 

26.07 

9.80 

— 

— 

— 

— 

17.70 

— 

— 

13.75 

100.12 

„ 

Theory 

31.29 

21.27 

16.67 

— 

— 

— 

— 

16.68 





14.094 00 . (Ml 


CXXXIII 

31.35 

21.58 

14.17 

— 

— 

— 

— 

16.67 

— 

— 

14.45 

98.22 

"VVoitschach 

Theory 

27.01 

19.52 

12.60 

— 

29.17 

— 

0.63 

1.35 





9.721 IfMI.OO 


V 

27.06 

19.56 

11.71 

— 

28.91 

— 

0.38 

1.18 

— 

— 

9.73 

98.53 

Gintl 

Theory 

29.38 

27.47 

3.92 

— 

8.81 

— 

— 

16.64 

2.32 



11.46! 100.00 


CXXXVIII 

29.89 

30.87 

— 

— 

9.17 

— 


17.53 

2.41 

0.83 

ll.eOi 102.30 

>> 

Theory 

29.38 

27.47 

3.92 

— 

8.81 

— 

— 

16.64 

2.32 



U.46jlOO.W) 


CXXXIX 

29.90 

27.59 

3.12 

— 

9.17 

— 

— 

17.10 

2.33 

0.58 

11.51401.30 

Keyser 

Theory 

23.98 

16.31 

12.79 

— 

34.53 

— 

— 

1.60 





lO.TOilOO.OO 


VI 

23.21 

15.59 

13.89 

— 

34.51 

— 

0.36 

1.26 

0.08 

0.41 

10.59 

99.97 

Smith 

Theory 

23.98 

16.31 

12.79 

— 

34.53 

— 

— 

1.60 





10.79 

iW.OO 


III 

23.55 

15.63 

13.79 

— 

34.20 

— 

— 

1.47 

— 

— 

10.57 

99.21 

jf 

Theory 

24.01 

16.32 

12.80 

— 

33.85 

— 

— 

1.60 



0.62 

10.80 

lOO.CM) 


VII 

23.58 

16.85 

14.33 

— 

33.20 

0.09 

— 

1.62 

— 

0.46 

10.45 

100.48 

>> 

Theory 

24.01 

16.32 

12.80 

— 

33.85 

— 

— 

1.60 

— 

0.62 

lO.SO'lOO.OO 


VIII 

23.52 

16.08 

— 

— 

32.18 

— 

— 

1.68 

— 

— 

10.48 

— 

Ludwig 

Theory 

22.76 


36.43 

— 

25.96 

1.35 

— 

5.31 

— 

— 

8.19 

1(M).€K> 


V 

22.21 

— 

37.49 

— 

25.28 

1.20 

— 

5.23 

— 

— 

8.27 

99.68 

Smith 

Theory 

23.77 

16.17 

12.68 

— 

33.29 

1.41 

— 

1.98 

— 

> — 

10.70 

100.00 


IX 

23.70 

16.54 

12.13 

— 

33.14 

1.16 

— 

1.85 

0.32 (K. 0 ,Na 2 a) 

10.90| 99.74 

Gintl 

Theory 

23.25 

18.77 

7.75 

— 

39.06 

— 

— 

— 

— 

— 

11.17 

mm 


V 

22.65 

18.92 

8.12 

— 

38.49 

— 

— 

— 

— 

— 

10.78 

98.96 

Steinmann 

Theory 

21.59 

— 

34.55 

— 

25.91 

2.55 

— 

5.04 

— 

— 

10.371(M).CK> 


I 

22.45 

— 

58.85 (Fe^Oa+FeO) 

— 

2.89 

— 

1 5.08 

— 

— 

10.70 

99.97 

Kobell 

Theory 

21.59 

— 

34.55 

— 

25.91 

2.55 

— 

5.04 

— 

— 

10.37 

mm 

1 

II 

22.46 

— 

35.35 

— 

27.11 

2.89 

— 

5.08 

— 

— 

10.701 lOi.58 

Klement j 

Theory 

27.04 

24.13 

5.41 

— 

9.73 

1.69 

— 

20.73 

— 

— 

1L36 

100.00 

1 

I 

27.13 

24.70 

5.84 

— 

9.72 

1.98 

— 

20.521 

— 

— 

11.35 

101.24 

R.v.Zeynek 

Theory 

23.46 

23.92 

— 

— 

38.70 

0.67{ 

1 

0.78 

— 

1.21 

11.26 

100.00 


I 

23.62 

22.26 

— 

— 

38.97 

0.98| 

0.29 

1.09 

0.28 

1.10 

11.16 

99.75 

V. Gximbel 

Theory 

24.26 

22.69 

3.23 

— 

31.30 

— 

— 

6.87 

— 

— • 

11.65 

100.00 


V 

23.56 

22.35 

4.26 

— 

30.43 

— 

0.23 

6.75 

OJOAlk 

— 

11.49 

99.16 

Janowsky 

Theory 

20.78 

— 

33.26 

— 

28.70 

1.23 

— 

4.15 

— 


11.88 

100.00 


IV 

21.30 

— 

32.34 

— 

29.23 

1.25 

— 

4.51 

— 

— 

11,90 

100.53 

Clarke and 

Theory 

24.99 

23.36 

3.33 

— 

17.99 

— 

— 

18.33 

— 

— 

12.00 

100.00 

Schneider 

CL 

25.40 

22.80 

2.86 

— 

17.77 

0.25 

— 

19.09 

— 

— 

12.21 

100.38 

Genth 

Theory 

24.78 

22.12 

4.96 

— 

23.79 

1.14 

— 

12.81 

— 

— 

10.40 

100.00 


CLXI 

24.90 

21.77 

4.60 

— 

24.21 

1.15 

— 

12.78 

— 

— 

10.59 

100.00 
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Source 

116 

36 MO • 2 (6 R 2 O 3 * 10 SiOa) 
• 32 H 2 O 

36MO=22MgO-UFeO 

12 EjO,=11.5AljO3-0.5reaO3 

Orthochlorite 

Lude 

117 

36 MO • 2 (6 R 2 O 3 • 10 SiOa) 

• 32 HaO 

36MO=22MgO*14FeO 

12 Ra03=11.5 AlaOa • 0.5 FoaOa 


>9 

118 

37 MO • 2 (6 R 2 O 3 • 10 SiOa) 
• 34 H 3 O 

37 MO=25MgO-12FeO 

12 Ra03=11.5 AI 2 O 3 • 0.5 FoaO* 


Chester, 

Meiss. 

119 

38 MO • 2 (6 AUO 3 • 10 SiOa) 
•32 HaO" 

38 MO=28MgO-10FeO 

- 

99 


L. Orthochlorites of the type 
Si • R • fe • S'! = 6R,03 • 12SiO, 






Source 

120 

18 MO • 2 (6 RaOa • 12 SiOa) 
•28 HaO 

1 8 MO = 15 MgO -2.6 KjO • 0.6 Na,0 
12 B,Oa=9 AlaOa • 3 FejOs 

Ortho- 

chlorite 

Culsagee Mine, 
N.C. 

121 

24 MO • 2(6RaOs • 12 SiOa) 
•26 HaO 

24MO=18.5 FeO • 5MnO • 0 . 6 CaO 
12 E,0,=8.6 AJjOj - 3.5 Fe,0, 

Strigo- 

vite 

Striegau 

122 

25 MO • 2 (6 RaOa • 12 SiOa) 
•24 HaO 

25 MO = 10 FeO -10.6 MgO • 3.6 CaO 
•1 Na,0; 12 R, 0,=8 A1,0, • 4 FejO, 

Chloro- 

pite 

Weidesgrim 

123 

25 MO • 2 (6 RaOa • 12 SiOa) 

• 30 HaO 

25 MO =22 MgO • 2.5 FeO • 0.5 CaO 
12Ra03=7Ala0,-5Fea03 

Deles- 

site 

La Greve 
bei Mielin 

124 

26 M 0 - 2 ( 6 Ra 08-12 SiOa) 
•40 HaO 

26 MO=22 FeO • 2 MgO • 2 CaO 

12 R,0, =11.6 A1,0, • 0.6 Fe»0, 

Ortho- 

chlorite 

Striegau 

125 

28 MO • 2 (6 R,0, • 12 SiOj) 
•22HjO 

28 MO = 6.6 MgO • 20 FeO • 1 K,0 
■0.6 MnO; 12B,0,=9 AljOj-SFe.O, 

fp 

Walds£kssen 

126 

29 MO • 2 (6 BjO, • 12 SiOs) 

• 34 HjO 

29 MO = 18.6 MgO • 10 FeO • 0.6 CaO 
12 E,0,=9.6 AljOj ■ 2.5 Fe,0, 

Delassite 

Planitz bei 
Zwickau 

127 

30 MO • 2 (6 RaOa • 12 SiOa) 

• 28 HaO 

30MO=17.5FeO • 11.6MgO 0.6K,O 
•0.5 Na,0; 12B,0,=7.6 Als0,-4.6Fe,0, 

Chloro- 

pite 

Schwfiurzen- 

bach 

128 

30 MO -2 (6 R 20 a *12 SiOg) 
•30 HaO 

30MO=9reO-18.5 MgOl CaO -1 Na,0 
-05K,O; 12R,0,=7 Al,0,-6Fe,0, 

>» 

Lippertsgrhn 

129 

30 MO -2 (6 AlaOa • 12 SiOa) 

• 32 HaO 

30MO=20FeO-10MgO 

Ortho- 

chlorite 

Taszopitik 

130 

35 MO • 2 (6 AI 2 O 3 * 12 SiOa) 
•24 HaO 

36 MO=33.5 FeO • 1.6 MgO 

Aphro- 
! siderite 

Weilburg 

131 

36M0-2(6R208- 12 SiOa) 
•30 HaO 

36 MO =29.5 FeO • 6.5 MgO 

12 B,0,= 10 A1,0, • 2 Fe,0, 

i - 

Striegau 

132 

36 MO - 2 ( 6^203 *12 SiOa) 
•40 HaO 

36MO=30FeO-6MgO 

Chamo- 

site 

WiudgaUeu 

133 

38M0-2(6Ra03-12Si0a) 
•32 HaO 

38 MO = 16 MgO -22 FeO 
12 R, 0 ,=llAl, 0 ,-lFe, 0 , 

Orthu^ 

chloric 

Muttera- 

hamen 

134 

38 MO • 2 (6 RaOa * 12 SiOa) 
-32 HaO 

38MO = 16MgO-22FeO 
12 R, 0 ,=llAl, 0 ,-lFe, 0 , 

” 

Balduiustein 

135 

38 M0-2(6R20a-12Si0a) 
•34 HaO 

38MO=34MgO-4FeO 

12 RjO,=llAl, 0 ,-lFejO, 

” ' 

Unionville, 

Pa. 

136 

38 MO • 2 (6 RaOa • 12 SiOa) 
•34 HaO 

38MO=34MgO-4FeO 

12 R,0,=11 A1,0, • 1 FeaOj 


- 

137 

38 MO -2 (6 RaOa -12 SiOa) 

• 34 HaO 

38 MO=31 FeO • 6.5 MgO • 0;5 CaO 
12R,O, = 10AljO,-2Fe,O, 

Meta- 

chlorite 

Biichenberge 
b. Elbingerode 
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AzialyBt 

1 ao, 

-AJ^Oa 

l'e,0, 

CtjO* 

PeO 

! MnO 

Ca,0 

MgO 


NSaO 

1 H,0 

I 

Eeddle 

OlDemiay'er 

Pasani 

Theory 

LXXIII 

Theory 

LXXIV 

Theory 

CXXIII 

Theory 

CXXI 

24.40 

23.92 

24.40 

24.66 

24.35 

23.84 

24.79 

24.00 

23.S6 

22.98 

23.86 

23.19 

23.80 

25.22 

25.29 

25.90 

1.62 

1.11 

1.62 

0.64 

1.62 

2.81 

— 

29.50 
19.54 

20.50 
20.58 
17.53 
17.06 

14.88 

14.80 

0.28 

0.29, 

2.45 

0.40 

I 

! 

17.90 

17.26 

17.90 

17.79| 

20.29 

19.83 

23.14 

22.70 

— 


11.72 

I1.7Si 

11.72 

12.12 

12.41 

IIM 

ll.W 

llMi 

100.0© 

90.32 

IW.O© 

90.67 

1 lOOM 
' 100.66 

\mm 

: WM 


or the genera,! formula 
m MO • 2 (6 R 2 O 3 • 12 SiOj) • n H^O. 


Aiialyst; 


SiOa 

AJ,0. 


Cr,a, 

FeO 

MqO 

CaO 

mo 

Erf) 

N»,0 

HtO 

Trtal ■; 

Chatard 

Theory 

CLVII 

34.32 

34.22 

21.81 

21.53 

11.41 

12.41 



0.12(NI,Co)o 

— 

14.26 

14.46 

5.58 

5.70 

0.74 

0.61 

11.98 

11.85 

imm 

im.m 

Webslsy 

Theory 

28.53 

17.17 

11.99 

— 

26.39 

6.99 

0.55 




928 

too 00 


I 

28.43 

16.60 

11.43 

— 

26.21 

7.25 

0.37 

0.S6 



— 


99.96 

Lroietz 

Theory 

30.46 

17.26 

13.54 

— 

15.24 

— 

4.16 

8.89 


1.31 

9.14 

100.€M> 


II 

30.56 

16.57 

13.02 

— 

15.51 

— 

4.14 

8.97 

0.36 

1.18 

;9.08 

99.39 

Delesse 

Theory 

31.43 

15.58 

17.46 

— 

3.93 

— 

0.60 

19.21 




11.79 

KM.OO 


I 

31.07 

15.47 

17.54 

— 

4.07 

— 

0.46 

19.14 

— 



11.55 

99.30 

Traube 

Theory 

27.75 

22.61 

— 

1.54 

30.52 

— 

2.15 

1.54 




13.89 

100.00 


X 

27.12 

22.40 

— 

2.13 

30.19 

— 

2.23 

1.54 





13.46 

99.06 

V. GOmbal 

Theory 

27.99 

19.41 

9.33 

— 

27.99 

0.69 



5.05 

1.83 



7.71 

100.00 


IV 

27.50 

18.15 

10.80 

— 

28.02 

0.60 

— 

6.13 

1.66 

0.44 

7.60 

99.80 

Delesse 

Theory 

29.33 

19.74 

8.14 

— 

14.67 

— 

0.67 

15.07 



12.48 

lOO-W 


nr 

29.46 

18.25 

8.17 

— 

15.12 

— 

0.45 

15.32 

— 



12.57 

99.33 

Loretiz 

Theory 

27.56 

14.63 

13.77 

— 

24.12 





8.80 

0.90 

0.59 

9.64 

lOO'OO 


I 

27.10 

14.64 

14.89 

— 

23.85 

— 

— 

8.78 

0.62 

0.56 

9.69 

99.94 

>» 

Theory 

28.44 

14.10 

15.89 

— 

12.80 

— 

1.10 

14.64 

0.92 

1.22 

10.98 

100.00 


III 

29,10 

14.31 

14.87 

— 

13.27 

— 

1.00 

15.08 

0.60i 

1.09 

10.77 

100.09 

K. V. BlaTier 

Theory 

28,35 

24.10 

— 

— 

28.36 

— 



7.87 




11.33 

lOO.CN) 


XVII 

28,02 

23.84 

— 

— 

28.60 

— 

— 

8.09 

— 

— 

11,45 

100.00 

Sandbcrger 

Theory 

25,86 

21.98 

— 

— 

43.32 

— 



1.08 





7.76 

100.00 


I 

26.46 

21.25 

— 

— 

44.24 

— 

— 

1.06 

i — 

— 

7.74 

100.74 

Raimnelsbeig 

Theory 

25.24 

17.88 

5.61 

— 

37.24 

— 

' 

4.56 





! 9.47! 

imm 


IV 

24.78 

18.69 

6.46 

— 

36.17 

Tiace 

. — 

4.52 

' — 

— 

9.09 

mM 

C. Schmidt 

Theory 

24.90 

2LI6 

— 



37.35 





4.14 





i 12.45 

IMl.OO 


H 

25.23! 

19.97 

— 

— 

37.51 

— 

— 

4.39 

— 

— 

1 12.90 

I(M},CX> 

Erlenmeyer 

&eory 

26.07 

20.32 

2.90 

— 

28.69 

— 

— 

11.59 

! 



10.43 

10O,€» 


VI 

26.72 

20.69 

4.01 

— 

27.79 

— 

— 

11.70 

— 

— 

10.05 

99.96 

„ 

Theory 

26.07 

20.32 

2.90 

— 

28.69 

— 



11.59 





10.43 

imm 


VII 

26.99 

— 

4.13 

— 

27.60 

— 

— 

11.93 i 

— 

— 

10.13 

— 

Cha*taxd 

Theory 

28.68 

22.35 

3.13 



5.75 

— 



27.90 1 



— , 

12.19 

1(M).00 


cxxxv 

29.43 

22.08 

1.47 

— 

5.64: 

— 

— 

28.46! 

— 

— 

12.40 

99.42 

99 

Theory 

28.68 

22-35 

3.13 



6.75 



■ 

27.W 



— 1 

12.19 

mm 


CXXXVI 

29.59 

22.18 

1.33 

— 

6.77 

— 

— 

28.54 1 

— 

— ' 

12.40 

99.81 

2eymek 

Theory 

24.36 

17.25 

5.41 



37.76 

— 

G.47 

' 4.40 1 

— 

— 

10.36 

lOO.W) 


n 

24.291 

17.85 

4.64 

— 

37.85 

— 

0.57 

: 4.26 i 

om 

0.30 

10.19 

100.04 
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Source 

138 

39M0*2(6Al203*12Si02) 

• 3 OH 2 O 

39 MO=25 FeO • 14 MgO 

Ortho- 

chlorite 

Grabener 

Wiesen 

139 

39 MO -2(611003 *12 8102) 
• 34 H 26 

39 MO=25 MgO • 12 FeO ■ 1 KjO 
•1 NajO; 12R2O3=10.5Al2O3-1.5Fe2O3 

99 

Fuschertal 

140 

39 MO -2(611203 -12 8102) 
• 36 H 2 O 

39 MO = 19 MgO • 20 FeO 
12R203=10.5 AI 2 O 3 • 1.5 FejOa 

99 

Zillerthal 

141 

39 MO * 2 (6 FeaOg - 12 SIO 2 ) 
-36H20 

39 MO =31.5 FeO • 6.5 MgO • 1 MnO 

Cronsted- 

tite 

Pribram 

142 

40 MO • 2 (6 R 0 O 3 - 12 8 IO 2 ) 

- 36 H 26 

40MO = 19MgO-21FeO 
12 R 20,=11 AljOa • 1 FejOj 

Ortho- 

chlorite 

Zillertal 

143 

41 MO -2 (6 R 2 O 3 -12 8102) 

- 40 H 2 O 

41MO=37MgO-4FeO 

12 R203=11.5 AI 2 O 3 • 0.5 FejOa 

99 

Culsagee Mine, 

isr.c. 

144 

41 MO -2 (6 R20a -12 8102) 

• 40 H 2 O 

41MO=37MgO-4FeO 

12 R203=11.5 AI 2 O 3 • 0.5 FejOj 

99 


145 

41 MO -2 (6 R 2 O 3 -12 8102) 

• 40 H 2 O 

41 MO=37MgO-4FeO 

12 R203=11.6 AI 2 O 3 • 0.5 FejOa 

99 

99 

146 

42M0*2(6Al203-12 8102) 

• 36 H 2 O 

42MO'=21 FeO • 19 MgO • 1 KjO 
•0.5 MnO -0.5 CaO 


Ben Derag 

147 

42 MO -2 (6 R 2 O 3 *12 8102) 
- 38 H 2 O 

42MO = 26MgO-16FeO 

12 R203= 11.5 AI 2 O 3 • 0.5 FejOa 

" 

Aacherkoppe 

1 St. Gotthard 

00 

43 MO • 2 (6 R 2 O 3 - 12 8102 ) 

. - 34 H 2 O 

43MO=25MgO-18FeO 

12 R203=11.5 AI 2 O 3 • 0.5 FejOa 

99 


149 

43 MO -2 (6 R 2 O 3 -12 8102) 
- 34 H 2 O 

43 MO=32 MgO ■ 10.5 FeO • 0.5 MnO 

1 2 R 2 O 3 = 1 1 AI 2 O 3 • 1 FejOa 

9 9 

Portsoy 

160 

43 M0-2(6Al203-12 8102) 

- 36 H 2 O 

43MO=32MgO-llFeO 

99 

Zillerial 

161 

43 MO * 2(6 AlgOa - 12 8 IO 2 ) 

• 36 H 2 O 

>» 99 99 

99 

99 

152 

43 MO • 2 (6 R 2 O 3 • 12 SIO 2 ) 

• 38 H 2 O 

43 MO =22 MgO - 20 FeO • 1 CaO 

12 B203=11.5 AI 2 O 3 - 0.5 FeaOg 

99 

Massa- 

schluoht 

163 

43 MO * 2 (6 R 2 O 3 - 12 8 IO 2 ) 
- 4 OH 2 O 

43 MO =19.5 MgO - 22 FeO - 1 CaO 
-0.6MnO,*12R2O3=11.5Al2O8-0.5Fe2O3 

99 

Girdlenesa 

154 

44M0-2(6R203- I 28 IO 2 ) 
- 3 OH 2 O 

44MO = 22MgO-22 FeO 

12 R208= 11.5 AlgOg • 0.5 FeaOa 

99 

Zillertal 

155 

44 M0-2(6Al203-12 8102) 
-34H20 

44 MO=40MgO-4FeO 

99 

Grochau 

166 

46M0-2(6Al203-12 8102) 
- 24 H 2 O 

46 MO =20.5 MgO - 25.5 FeO 

99 

Guistberg 

157 

48M0-2(6R203-12 810a) 
-38H20 

48 MO =33 MgO - 14 FeO - 0.6 MnO 
-O.SCaO; 12 R 208 = 11.6 AlgOs-O.SFegOa 

99 

Fethaland 

158 

51M0-2(6Al203- I 28 IO 2 ) 
• 32 H 2 O 

51 MO =31 MgO-16 FeO-2 CaO-1 Kfi 
- 0.5 MaO - 0.5 NagQ 

99 

Craig an 
Lochan 


M. Orthoolilorites of the type 
a • R • Si • ]R • Si = 6 E-jOs * 16 SiOj 





1 

Source 

159 

|32M0-2(6R20s-16Si02) 

• 36 H 2 O 

32MO=30MgO-2FeO 

12 Rj 03=6.5 A1,0, ■ 1 Fej0,-4.6Cr80, 

Ortho- 

chlorite 

Norrbotten 

160 

41M0-2(6R203*16Si02) 

- 52 H 2 O 

41 MO=29.6 MgO • 10 FeO • 1.5 CaO 
12 RjOa= 11.6 AljO, • 0.5 FejOj 

Delessite 

Dumbuek 
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Analyst 


SiOa 

AJjOa 


CraOj 

, TeO 

j MnO 

CaO 

MgO 

KaO 

NajO 

HaO 

Total 

K. V. 

Theory 

25.82 

21.93 

; 



32.2€ 

; 



10.03 

[ 



9.90 

i 100.00 

Hauer 

XVIII 

26.08 

20.27 

' — 

— 

32.91 

— 

— 

10.00 

1 — 

— 

10.06 

i 99.32 

Vuylsteke 

Theory 

26.75 

19.89 

1 4.46 

; — 

16.06 

i — 

— 

18.57 

1.74 

1.15 

11.38 

; 100.00 


XIX 

27.03 

20.07 

' 4.72 

! — 

16.47 

' — 

— 

18.90 

1.22 

0.72 

11.78 

; 100.91 

Klement 

Theory 

25.72 

19.13 

4.29 

1 

25.72 

1 



13.58 





11.56 

100.00 


XXIX 

25.84 

19.58 

4.42 

; — ‘ 

25.99 

1 — 

— 

13.57 

— 

— 

11.34 

100.74 

D amour 

Theory 

21.89 

— 

29.06 

, — 

34.33 

1.07 



3.93 

— 



9.81 

100,00 


III 

21.39 

— 

29.08 

— 

33.52 

1.01 

— 

4.02 

— 

— 

9.76 

98.78 

Klement 

Theory 

25.52 

19.89 

2.84 

— 

26.80 





13.46 

— 



11.49 

100.00 


XXX 

25.84 

19.58 

2.13 

— 

28.05 

— 

— 

13.57 

— 

— 

11.34 

100.51 

Genth 

Theory 

27.79 

22.64 

1.55 

— 

5.56 

— 



28.56 

— 

— 

13.90 

100.00 


CLIII 

27.56 

22.75 

2.56 

— 

5.43 

— 

— 

28.47 

0.30 (Mn, Ni, Co)0 

13.80 

100.87 

Chatard 

Theory 

27.79 

22.64 

1.55 

— 

5.56 

— 



28.56 

— 



13.90 

100.00 


CLIV 

27.28 

22.11 

2.50 

— 

5.43 

— 

— 

28.38 

0.41 (Mn, Ni.Co)0 

14.50 

100.57 

99 

Theory 

27.79 

22.64 

1.55 

— 

5.56 

— 



28.56 

— 

- 

13.90 

100.00 


CLV 

27.17 

22.35 

2.71 

— 

5.43 

— 

— 

127.73 

0.26 (Mn, Ni, Co)0 

14.36 

100.00 

Heddle 

Theory 

25.11 

21.34 

— 



26.35 

0.62 

0.40 

13.25 

1.63 



11.30 

100.00 


LXXI 

24.72 

21.57 

0.62 

— 

26.16 

0.47 

0.45 

12.86 

1.73 

0.05 

10,89 

99.52 

Jacobs 

Theory 

25.86 

21.07 

1.43 

— 

20.68 

— 



18.68 

— 

— 

12.28 

100.00 


VIII 

25.53 

20.49 

1.68 

0.08 

20.85 

0,15 TiOa 

0.06 

18.60 

0.07 

1 0.09 

12.26 

1 99.86 

Raminels- 

Theory 

25.71 

20.95 

1.43 

P.O5 

23.14 





17.85 





10.92 

100.00 

berg 

XXXIV 

25.12 

22.26 

1.09 

— 

23.11 

— 

— 

17.41 

— 

— 

10.70 

99.69 

Heddle 

Theory 

26.59 

20.72 

2.95 



13.96 

0.83 



23.64 



— r- - 

11.31 

100.00 


LXXVI 

26.71 

20,42 

3.47 

— 

13.99 

0.73 

— 

23.90 

— 

— 

11.17 

100.39 

Kobell 

Theory 

26.74 

22.72 





14.71 





23.77 





12.06 

100.00 


XXVI 

26.51 

21.81 

— 

— 

15.00 

— 

— 

22.83 

— 

— 

12.00 

98.15 

99 

Theory 

26.74 

22.72 

— 

— 

14.71 

— 

— 

23.77 

— 

— 

12.06 

100.00 


XXVII 

27.32 

20.69 

— 

— 

15.23 

0.47 

— 

24.89 

— 

— 

12.00 

100.60 

Fellen- 

Theory 

25.03 

20.39 

1.39 

— 

25.03 

— 

0.97 

15.29 



— 

11.90 

100.00 

berg 

XXXV 

24.85 

20.70 

1.00 

— 

25.00 

— 

0.60 

15.31 

0.45 TiOa 

12.05 

99.96 

Heddle 

Theory 

24.53 

19.97 

1.36 

— 

27.04 

0.60 

0.95 

13.28 

— 

— 

12.27 

100.00 


LXXVII 

24.77 

20.16 

1.38 

— 

27.38 

0,61 

0.90 

13.34 

— 

— 

12.05 

100.59 

Egger 

Theory 

25.28 

20.59 

1.42 

— 

27.80 

^ — 

— 

15.45 

— 

— 

9.48 

100.00 


XXVIII 

26.02 

20.16 

1.07 

— 

28.08 

— 

0.44 

15.50 

— 

— 

9.65 

100.92 

Bock 

Theory 

27.88 

23.70 

— 

— 

5.58 

— 

— , 

30.99 

— 

— 

11.85 

100.00 


IX 

28.20 

24.56 

— 

— 

5.27 

— 

— 

30.94 

— 

— 

12.15 

101.12 

IgelstrCm 

Theory 

25.03 

21.28 

— 

— : 

31.92 

— 

— 

14.25 

— 

— 

7.52 

100.00 


Lxxxin 

25.00 

20.60 

— 

— : 

32.00 

— 

— 

14.30 

— 

— 

7.60 

99.50 

Heddle 

Theory 

24.96 

20.33 

1.39 

— ' 

17.48 

0.61 

0.49 

22.88 

— 

— 

11.86 

100.00 


LXX 

24.30 

20.86 

3.57 

— : 

16.72 

0.55 

0.50 

22.20 

— 

— 

11.55 

100.25 

f9 

Theory 

24.39 

20.73 

— 

— : 

19.51 

0.69 

1.96 

21.00 

1.59 

0.52 

9.77 

100.00 


Lxxii [; 

24.29|21.15| 

o.m 

— ; 

18.74 

0.80 

1.66 

21.03 

1.29 

0.56 

10.08 

99.70 


or the general formula 
m MO • 2 (6 BaOg • 16 SiOj) • n HaO. 


Analyst 


SiOa 

AljO, 

FeaOa 

CrjOa 

FeO 

MnO j 

CaO 

MffO 

KaO 

NaaO 

HaO ' 

Total 

Sandersonj 

Theory 

LXXXVH 

35.42 

34.49 

12.23 

12.40 

2.95 

3.14 

12.64 

13.46 

2.66 

3.28 

— 



22.14 

21.83 

— 





11.96 

11.85 

100.00 

100.45 

Heddle 

Theory 

VII 

31.521 

32.01i 

19.25 

18.87j 

1.31 

1.18 

■ 

11.82 

12.09 

Trace 

1.37 

1.39, 

19.36 

19.64 




15.37 

15.46 

100.00 

100.64 


% 
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SOUTOC 

161 

4gM0-2(6A]j03'16Si0,) 

•32HjO 

48MO=43MgO-5FeO 

Oitho- 

chlorite 

Broeso 

162 

48MO-2(6KjO,-16SiOj) 

- ^OHjO 

48MO = 48MgO 

12 RjO, = 10 AlA-l-SE'eA-O.fiCrjO, 

t9 

Westeheatex, 

Pa. 

163 

48MO-2(6RsO,-16SiOj) 

-lOHjO 

48MO = 48MgO 

12 EaO,= 10 AJ20 j- 1.5 FejOj-O.S CtjO, 

f9 

99 

164 

49M0*2(6R,08*16Si02) 

*46H20 

49MO=47M:gO-2FeO 
12EjO,= 11.6 AJjOj- 0.5TejO, 

99 

ZoutpanalDerge 

165 

61 MO - 2 (6 R,Os • 16 SiOj) 
• 4 OH 2 O 

51 MO=26 MgO • 21 FeO • 4 MnO 

12 Ra03 = 9.6 AljOj • 2.5 FoaOj 

99 

Dannemora 

166 

51MO*2 (GR^Oa-ieSiOa) 
- 4 OH 2 O 

51 MO=26 MgO • 21 FeO - 4 MnO 

12 RaOj = 9.5 AljOa • 2.5 


99 

167 

62 MO - 2 (6 AI 3 O, - 16 SiOj) 
- 44 H 3 O 

52 MO=23 MgO - 29 FeO 

99 

St. Christophe 

168 

63 MO - 2 (6 AljO, • 16 SiOj) 
-46H,0 

53MO=46MgO*7FeO 

99 

Blair Athol 

169 

53MO-2(6R203*16SiO2) 

- 46 H 2 O 

53 MO =62.5 MgO • 0.5 FeO 
12E203=llAla03- IFeaOa 

99 

Achmatowsk 

170 

55]y[0-2(6R203*16Si02) 

- 5 OH 2 O 

65 MO=61 MgO • 2 FeO • 2 Na^O 

12 R,Os = 1 1 AljO,-0.6FejO,-0-5CrsO, 

99 

Westchester, 

Pa 

171 

55MO-2(6R203-16SiO2) 

65 MO=62 MgO • 2 FeO • 1 CaO 

12 RjO, = 11 AlaO,-0.6FejO,-0.6 CtjOj 

99 

99 

172 

55MO-2(6R20a-16Si02) j 
- 48 H 2 O 

66MO=63MgO-2FeO 

12 B20,=9 AljO, • 2 Fe^Oj • 1 Cr*Oj 

99 

99 

173 

56HO-2(6R303*16SiO2) 
-42 HjO 

56 MO =63 MgO - 3 FeO 
12E2O,= 10A1 jO,- 2CrjO, 

99 

Itkixl Sea 

174 

56H0-2(6Al2a3-16Si02). 

•44HjO 

56MO=64MgO-2FeO 

99 

Schischimsker 

Bexge 

176 

56HO-2(6Al3O3-16Si02) 

- 44 HaO 

56 MO =64 MgO - 2 FeO 

99 

99 

176 

56 MO -2 (6 A1203- 16 SiOa) 
-44 H 2 O 

9f 9) ). 

99 

99 

177 

68M0-2(6A1A*16 SiOa) 
-40 K 2 O 

68MO = 29MgO-29FeO 

9* 

Glaciei d’ Ar* 
genti6re8 

178 

58 MO-2(6E203-16SiO2) 

- 42 HaO 

68 MO =68 MgO 

12Ej,0,= llAlj0,-ire,0, 

99 

FliiS Iremel 

179 

61M0-2(6AlaO3-16 SiOo) 
-52 HaO 

61 MO=64 MgO - 3.6 FeO - 2 CaO 

-1.6 KjO 

99 

Texas, Pa. 


IT. Ortkochlorites of the type 


■ ]R • |§i =r 6 RjOa • ISSiOj 






Sourest 

18D 

181 

182 

18 MO -2 (6 RjOa-lSSiOa) 
-42HjO 

^3 MO -2 (6 RjO, -18 810.) 

- 34 HjO 

36MO -2{6AljOj-18 SiO.) 
•26HsO 

18 MO= 10.6 MgO - 4.5 CaO • 3 FeO 
12Ra03=7Fe,0,-6AJs0, 

23 MO = 21,5 FeO - 1.6 2fa,0 
12E30,=9res0, -SAIjO, 

36 MO = 20 MgO - 10 FeO 

Hullite 

MelanO' 

lite 

Epi- 

phanite 

Cammaney 

Hill 

Milk-Raw 
Quarry, M8«. 
Wermlmd 

1 
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Analyst 


SiOa AJsOs Fe^Os 

CrtO» 

FeO 

MnO 

CaO MgO 

KaO 

NaaO HaO Total 

Damour 

Theory 

33.10 21.10 — 



6.21 



— 29.64 



— 9,95 100.00 


LVI 

33.67 20.37 — 

— 

6.37 

— 

— 29.49 

— 

— 10.10100.00 

Graw 

Theory 

32.56 17.30 4.07 

1.29 





— 32.56 



— 12.22100.00 


CXXVIII 

31.34 17.47 3.86 

1.69 

— 

— 

~~ 33.44 

— 

— 12.60100.39 


Theory 

32.66 ^ ^ 


— 

— 

— 32.56 

— 

— 12.22100.00 


CXXIX 

31.78 — 22.71 

— 

— 

— 

33.64 

— 

— 12.60100.73 

Yvan Riesen 

Theory 

31.86 19.47 1.33 

— 

2.39 



— 31.21 



— 13.74 100.00 


CXV 

32.38 18.79 0.80 

— 

2.39 

— 

— 31.64 

— 

— 14.15100.15 

Erdmann 

Theory 

28.06 14.16 5.84 

— 

22.09 

4.16 

— 15.19 



— 10.63100.00 


LXXX 

27.83 14.23 6.34 

— 

22.63 

3.21 

— 15.42 

0.36 

0.2710.19 99.38 

tf 

Theory 

28.06 14.16 6.84 

— 

22.09 

4.16 

— 15.19 

— 

— 10.53 100.00 


LXXXI 

27.89 14.30 6.96 

— 

21.21 

5.43 

0.43 14.42 

0.17 

0.23 10.30100.34 

Marignac 

Theory 

27.65 17.63 — 

— 

30.07 



— 13.25 

— 

— 11.40100.00 


LIX 

26.88 17.62 — 

— 

29.76 

— 

— 13.84 

— 

— 11.33 99.33 

Heddle 

Theory 

30.40 19.38 — 

— 

7.98 



— 29.13 

— 

— 13.11100.00 


LXVI 

30.30 19.40 — 

— 

8.23 

0.37 

— 29.10 

— 

— 13.07100.47 

Ortmann 

Theory 

31.16 18.19 2.59 

— 

0.58 



— 34.06 



— 13.44100.00 


XOIV 

31.31 18.34 2.10 

— 

0.77 


— 34.26 

0.06 

0.1713.33 100.33 

Schlaepfer 

Theory 

29.96 17.62 1.26 

1.18 

2.25 

— 

— 31.86 

— , 

1.94 14.06 100.00 


CXXXII 

30.11 18.31 1.16 

1.65 

2.11 

0.31 Li,0 

— 31.89 

0.37 

1.9914.14101.94 

Neminar 

Theory 

30.98 18.11 1.29 

1.23 

2.32 



0.90 33.56 



— 11.61100.00 


cxxx 

31.08 18.86 1.56 

1.09 

2.33 

— 

0.81 33.50 

— 

— 11.53 100.74 

Clarke and 

Theory 

29.83 14.26 4.97 

2.36 

2.24 



— 32.93 

. 

— 13.41100.00 

Schneider 

CXXXI 

29.87 14.48 5.52 

1.56 

1.93 

— 

— 33.06 

p 

o 

— 13.60100.19 

Hermann 

Theory 

30.31 16.09 ~ 

4.81 

3.40 



— 33.46 



— 11.94 100.00 


CXII 

30.68 15.94 — 

4.99 

3.32 

— 

— 33.45 

— 

— 12.06100.33 

Herzog N.v 

Theory 

30.77 19.62 — 

, — 

2.31 

— 

— 34.61 



— 12.69100,00 

Leuchtenberg 

XCVIII 

, 30.60 19.63 — 

— 

2.02 

— 

— 34.41 

— 

— 12.76 99.42 

9t 

Theory 

30.77 19.62 — 

— 

2.31 

— 

— 34.61 

— 

— 12.69100.00 


XCIX 

30.33 19.85 — 

— 

2.43 

— 

0.1134.64 

— 

— 12.73100.09 

Lagorio 

Theory 

30.77 19.62 — 

— 

2.31 

— 

— 34.61 

— 

— 12.69100.00 


c 

30.61 19.52 0.30 

— 

2.63 

— 

1 — 34.20 

— 

— 12.63 99.69 

Bnm 

Theory 

27.00 17.21 — 

— 

29.36 



— 16.31 



— 10.13100.00 


XLIX 

26.60 18.02 — 

— 

29.67 

— 

— 15.86 

— 

— 9.98100.12 

Hermann 

Theory 

30.68 17.87 2.65 

— 



— 

— 36.96 



— 12.04100.00 


CX 

30.80 17.27 1.37 

— 

— 

1 — 

— 37.08 

— 

— 12.30 98.82 

Pearse 

Theory 

28.47 18.16 — 

— 

3.73 

1.66 

— 32.02 

2*09 

— 13.88100.00 


CXL 

28.62 18.37 — 

0.37NiO 

3.73 

1.45 

— 32.13 

1.97 

— 14.02 100.00 


or the general formula 
m MO • 2 (6 RgOs • 18 SiOj) • n H„0. 


Axial7Bt 

Hardmann 


IgelstrOm 


Theory 39.76 9.39 20.61 — 

I 39.44 10.35 20.72 — 

Theory 35.07 4.97 23.38 — 

II 35.24 4.48 23.13 


Theory 


37.22 21.09 — 
37.10 21.13 — 


Mgo K,o 


3.98 4.64 

3.70 Trace 4.48 


19.85 — — 13.78 

20.00 Trace — 14.03 


13.90 100.00 

— 13.62 99.78 

1.51 9.93 100.00 

1.86 10.21 100.00 

— 8.06 100.00 

— 7.83 100.09 


M 
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Source 

183 

44M0*2(6R,03* ISSiOa) 

• 42 H 26 

44MO=44FeO 

12 R 203 = 10 AljOa • 2 Fe^Oa 

Chamo- 

site 

Schmiedefeld 

184 

48M0*2(6R203- ISSiOo) 

• 48 HaO 

48 MO =30 MgO ■ 17 FeO • 1 MnO 

12 RjOs= 10 AI 2 O 3 • 2 FejOs 

Ortho- 

chlorite 

Cape Wrath 

185 

48M0-2{6R203- ISSiOa) 

• 60 HaO 

48 MO=34.5 MgO • 11.5 FeO • 2 CaO 
12 R203= 11.5 AljOa • 0.5 Fe^Os 

Deles- 

site 

Bowling Quarry, 
Dumbarton 

186 

49 MO • 2 (6 R 2 O 3 * 18 SiOa) 

• 56 HaO 

49 MO=32.5 MgO • 16 FeO • 1.5 CaO 
12 R303=10.5 AI 3 O 3 • 1.5 Fe^O, 

» 

Long Craig, 
Dumbarton 

187 

49 MO-2(6R203-18SiOo) 

• 44 HaO 

49 MO =48 MgO -1 FeO 

12 R 203 = 11.6 AI.O 3 • 0.6 F 03 O 3 

Ortho- 

chlorite 

Ckyn 

188 

52M0-2(6R203* 18Si02) 

• 52 HaO 

52 MO = 50 MgO • 1 CaO • 1 FeO 
12 R 203=11 AI 2 O 3 • 1 Fe^Oa 


Markich 

189 

54M0-2(6R203*18Si02) 

• 30 HaO 

54MO=53MgO-lCaO 

12 R203=10.5 AI 2 O 3 • 1.5 FejOa 

99 

Schischimsker 

Berge 

190 

54M0-2(6R203-18Si02) 

• 30 HaO 

54MO=53MgO-lCaO 
12R2Oa=10.5 AUOa- 1.5Fe203 

99 


191 

57M0*2(6 Al203-18Si02) 

• 46 H 2 O 

67MO=53MgO-4FeO 

99 


192 

58 M0-2(6R203-18Si02) 

• 42 HaO 

68MO=50MgO-8CaO 
12R203=10.5 AlaOa- 1 . 6 Fe 203 


99 

193 

58 MO 2 2 (6 RoOg- 18 8102) 

• 46 HaO 

58 MO =58 MgO 

12R203=8.6Al2O3-1.5Fe2O3-2Cr2O3 

99 

tJfal 6 jsk 

194 

58MO -2(6 RaOa* 18 8102) 

• 46 HaO 

68 MO =58 MgO 

12 R 203 = 8.5 AljOa-l.S Fe 203-2 CraO, 

99 

99 

195 

58 MO -2 (6 R 2 O 3 *18 8102) 

• 46 HaO 

58 MO =68 MgO 

12 R 203 = 8.6 AI 2 O 3 •1.5Fe203-2 OjOa 

f9 

99 

196 

58 MO -2 (6 R 2 O 3 *18 8102) 

• 46 HaO 

58 MO = 58 MgO 

12 R203=8.5 Al20,-1.5 Fe 203-2 CrjOa 

99 

Bilimbajewsk 

197 

59 M0-2(6R203*18 8102) 

• 48 H 2 O 

69 MO = 59 MgO 

12 R 203 = 10 AljO, • 2 FejO, 

99 

Texas, Pa. 

198 

59 M0-2(6R203*18 8102) 

• 48 HaO 

59 MO =59 MgO 

12 Ra^a^ 10 Ala 03 * 2 F 62 O 3 


Willimantic, 

Conn. 

199 

60 M 0 - 2 ( 6 R 203-18 8102) 

• 48 H 2 O 

60 MO = 55 MgO • 4 FeO • 1 CaO 

12 R203=11.5 AI 2 O 3 • 0.5 FegOg 

99 

Kariaet, 

Greenland 

200 

62 MO*2(6R203-18S102) 
•52 HaO 

62 M0=54 MgO-2 FeO-4 CaO-1 Kfi 
• 1 NaaO ; 12 R203=9 A1203-3 Cx^O^ 

9 9 

TJnst 

201 

62 MO • 2 (6 AI 2 O 3 • 18 SiOa) 

• 46 HaO 

62 MO = 61.5 MgO • 0.5 FeO 


Maul 6 on 

202 

62 MO • 2 (6 RaOs * 18 8 IO 2 ) 
•48 HaO 

62 MO =62 MgO 

12Ra03 = 9 AlaOs-SFeaOg 

99 

Achmatowsk 

203 

62 MO • 2 (6 II 2 O 3 * 18 SIO 2 ) 
•48 HaO 

62 MO =62 MgO 

12 R 2 O 3 = 9 AlaOa • 3 FejO, 

99 


204 

63 MO • 2 (6 AI 2 O 3 • 18 SiOg) 

* 48 HaO 

63 MO = 63 MgO • 8 FeO • 2 CaO 

99 

Kariaet, 

Greenland 

205 

64 M0*2(6Al208 - ISSlOa) 

• 48 HaO 

64 MO =60 MgO -4 FeO 

99 

Achmatowsk 

206 

64M0-2(6Al2O3-18 8103) 
•48 HaO 

>» »» 

99 

- 
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van 

Weryecke 

Komonen 


Hermann 

Clarke and 
Schneider 

Herzog von 
Leuchtenberg 


N. V. Zinn 


Hermann 


Burton 


Hammer- 


Janowsky 

KobeU 

Varrentrapp 



SiOa AlaOa TeaQa 

Theory 

29.08 13.79 4.33 

IV 

29.00 13.00 6.00 

Theory 

31.49 14.87 4.67 

LXVIII 

31.03 14.85 5.73 

Theory 

31.70 17.22 1.17 

VI 

32.00 17.33 1.19 

Theory 

31.11 15.43 3.46 

VIII 

30.93 15.32 3.16 

Theory 

34.85 18.93 1.29 

XIII 

35.31 18.28 1.26 

Theory 

33.21 17.23 2.46 

II 

32.84 17.34 3.29 

Theory 

35.12 17.40 3.90 

xcv 

34.99 17.15 3.39 

Theory 

35.12 17.40 3.90 

XCVI 

34.23 16.31 3.33 

Theory 

32.62 18.49 — 

XCVII 

32.35 18.00 — 

Theory 

32.36 16.05 3.59 

Cl 

32.27 16.05 4.26 

Theory 

32.14 12.90 3.57 

CII 

. 33.12 13.56 2.29 

Theory 

32.14 12.90 3.57 

CHI 

32.35 13.29 2.00 

Theory 

32.14 12.90 3.57 

CIV 

33.31 12.60 2.30 

Theory 

32.14 12.90 3.57 

CVI 

32.50 13.20 2.30 

Theory 

32.13 15.15 4.76 

CXLI 

31.82 16.10 4.06 

Theory 

32.13 15.15 4.76 

CXLIX 

31.86 15.80 4.77 

Theory 

31.76 16.96 1.19 

CXVI 

30.34 16.86 1.86 

Theory 

30.19 12.83 — 

LXIII 

29.89 12.93 — 

Theory 

31.99 18.13 — 

LVIII 

32.10 18.60 — 

Theory 

31.29 13.30 6.96 

XCII 

31.64 13.54 6.83 

Theory 

31.29 13.30 6.95 

XOIII 

31.62 13.96 6.12 

Theory 

30.62 17.34 — 

CXVII 

30.32 17.90 — 

Theory 

31.14 17.64 — 

LXXXI2 

; 31.14 17.14 — 

Theory 

31.14 17.64 — 

XC 

30.38 16.97 — 


FeO 

MnO 1 

CaO 

42.62 

42.00 

— 

— 

17.85 

17.42 

1.03 

1.00 

0.36 

12.16 

12.45 

— 

1.64 

1.57 

15.55 

15.31 

0.38 

1.21 

1.38 

1.16 

0.83 

— 



1.11 

1.04 

— 

0.86 

0.75 


0.26 NiO 


— 

— 

0.30 

34.30 — 

— 

4.23 

4.53 

— 

0.82 

0.61 

32.35 — 
31.82 — 

0.37 

2.01 

1.96 

z 

3.13 

3.54 

30.19 1.32 
29.93 1.16 

0.87 

0.97 

1.18 

0.60 

— 

— 

36.44 -- 
36.70 — • 

— 


— 0.05 

— 0.06 

— 1.69 

— 1.28 


36.93 - 
36.20 

36.93 

36.68 

30.04 

29.88 

34.600 

34.40 

34.600 

33.97 


.85(Kesd.) 12.46 
— I — 12.20! 
.85(Rfisd.) 12.46 
~ I — 12.63 


100.00 

100.00 

100.00 

100.29 

100.00 

100.41 

100.00 

99.82 

100.00 

100.65 

100.00 

100.18 

100.00 

100.00 

100.00 

99.66 

100.00 

99.61 

100.00 

100.29 

100.00 

101.68 

100.00 

99.49 

100.00 

100.49 

100.00 

100.30 

100.00 

100.12 

100.00 

99.75 

100.00 

99.09 

100.00 

99.62 

100.00 

100.00 

100.00 

100.00 

100.00 
100.00 
1 100.04 
i 99.37 
i lOO.OQ 
> lOO.U 

i 100.00 
i 98.32 
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0. Orthochlorites of the type 
R • Si • 6 • & • R = 8 R^Oa • 12 SiO* 




1 1 1 

1 Source 

207 

40 MO • 2(8 Fe,0, • 12 SiO,) • 44 HjO 

40MO=40FeO 

Cronstedtite 

ComwaJl 

208 

41 MO • 2(8 A1,0, • 12 SiO,) ■ 40 H,0 

41 MO=31FeO-10MgO 

Thuringite 

Lake Superior 


P. Orthochlorites of the type 
R • Sl • R • ^i • R = 9 R 2 O 3 ■ 12 SiO* 






Source 

209 

16MO- 2(9 AljOs *12 8102) 
• 34 H 2 O 

16 MO= 14MgO • 1 CaO • 1 FeO 

Rumpfite 

St. Michael 

210 

28M0*2(9R20a*12Si02) 

• 30 HjO 

28 MO=25 FeO • 3 MgO 

18 R,0,= 15 A],0, • 3 F6,0, 

Aphroslderite 

Weilburg 

211 

30 MO* 2(9 RjOg *12 8102) 

* 42 HjO 

30MO=28FeO-2MgO 

18 B,0,= 7-6 Fe,0, • 10.6 AI,0, 

Thuringite I 

Schmiedefeld 

212 

33 MO* 2(9 RaOa *12 8102) 

• 36 H 2 O 

33 MO=31 FeO • 2 MgO 

18 R,0, = 12 AljO, • 6 Fe,0, 

ft 

tr 

213 

37 MO* 2(9 AlaOa* 12 8102) 
*34 HjO 

37 MO =24 MgO - 13 FeO 

Orthochlorite 

Chester* Maas. 

214 

40 MO* 2(9 FejOa -12 8102) 

- 46 HjO 

40 MO =40 FeO 

Cronstedtite 

Cornwall 


New Formulae for 


The following analyses of the minerals 
R • ^i • R =6 RjO* • 6 SiO*, 
5. R • i^i • R • si • R = 8RaO, • 12SiO„ 
A. Tourmalines of the type 
R-&-R = 6RsO»-6SiO, 


1 

2 

3 

4 
6 
6 


4RO-4(6BsO,-6SiOj) 

-4H,0 

4 RO -4(51130, -6 SiO,) 
•9H,0 

6M0-4(6R,0,-6Si0,) 

•4H,0 

5M0-4(6B,0,-6Si0,) 

-6H,0 

5M0-4(6R,0,-6Si0,) 

•6H,0 

5M0-4(6R,0,-6Si0,) 

•10H,O 


7 6M0-4(6B,0,-6Si0,) 
-7H,0 


8 6M0-4(6R,0,-6Si0,) 
•8H,0 



Source 

Amijat* 

4MO=0.6MnO - 1.6 LijO l Na, 0-0.6 K,0 
- 0.6 H,0 ; 20 E,0,=16 A1,0, - 4 B,0, 

Elba 

Umanel&h&eg 

4 MO =0.6 CaO - 2 Li,0 - 1.6 Na,0 

20 R,0,=16.6 A1,0, - 4.6 B,0, 

Rumford 

Biggs 

6 MO=l MnO-0.6 CaO-1.6 1.i,0-1.6 Na,0 
-0.6 K,0 ; 20 B,0,=16.6 A1,0, - 4.6 B,0, 

6 MO=l MnO-0.6 CaO-1.6 MgO - 1 Li,0 
- 1 NajO ; 20 E,0,= 16 A1,0, - 4 B,0, 

5 MO=1.5 FeO-0.6 MgO-1 Li,0 - 1.6 MnO 
• 1.6 Na,0 : 20 R,0,= 16 Al,0,-5 B,0, 

Paris 

Schaitauka 

Elba 

BaanoalslMng 

If 

6MO=0.6MnO-0.6 CaO-2 Li,0 - 1 Na,0 
- 1 K,0 ; 20 R,0,= 15.6 AljO, ■ 4.6 BjO, 

Schtitten- 

hofen 

Schariger 

6 MO =1.6 FeO-1.6MnO-0.6 CaO-0.6 Li,0 
- 2 Na,0 ; 20 E,0,=16 A1,0, - 6 B,0, 

6 MO= 1 FeO - 1 MnO - 0.5 CaO - 2 Li.O 
- 1.5 Na,0 ; 20 B,0,=14.6 Al,0,-6.6 B,0, 

Brazil 

1 

t* 

^mnamh 
and Calb 

Rigg* 


* See references on p. 441 
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or the general formula 
m MO • 2 (8 R2O3 • 12 SiOj) • n HjO. 


Analyat 


SiO, 1 

AljOa 

Fe,0a 

CTjOj 

FeO 

MnO 

CaO 

MgO 

KaO 

Na,0 

HaO 

Total 

Flight 1 

Theory 

18.77 



33.36 1 

— 

37.54 











10.33 

100.00 


VIII 

18.55 

— 

32.75 

— 

38.57 

— 

— 

— 

— 

1 — 

10.13 

100.00 

Penfield 

Theory 

22.28 

25.25 

— 

— 

35.25 

— 

— 

6.18 

— 

— 

11.14 

100.00 

and Sperry 

X 

22.35 

25.14 

— 

— 

34.39 

— 

— 

6.41 

— 

[■ — 

11.25 

99.54 


or the general formula 
m MO • 2 (9 R2O3 • 12 SiOj) • n HjO. 


Analrst 


SiOa 

AlaOa 1 

FeaOa* 

CraOa 

FeO 

MnO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Firtsch 

Theory 

31.48 

40.12j 





1.57 

— 

1.22 

12.23 

— 

— 

13.38 

100.00 


I 

30.75 

41.66j 

— 

— 

1.61 

— 

0.89 

12.09 

— 

— 

13.12 

100.12 

Sand- 

Theory 

24.36 

25.89 

8.13 



30.45 

— 

— 

2.03 

— 

— 

9.14 

100.00 

berger 

III 

24.63 

25.25 

8.50 

— 

30.61 

— 

— 

1.82 

— 

— 

9.19 

100.00 

li. Smith 

Theory 

21.94 

16.32 

18.28 

— 

30.72 

— 

— 

1.22 

1 

— 

11.52 

100.00 


I 

22.05 

16.40 

17.66 

— 

30.78 

— 

— 

0.89 

i0.14(K,O-Na,O) 

11.44 

99.36 

Rammela- 

Theory 

21.74 

18.48 

14.47 



34.30 

— 

— 

1.21 

— 

— 

9.78 

100.00 

berg 

11 

22.35 

18.39 

14.86 


34.34 

— 

— 

1.25 

— 

— 

9.81 

101.00 

L. Smith 

Theory 

24.90 

31.71 

— 

— 

16.21 

— 

— 

16.60 

— 

— 

10.58 

100.00 


CXXII 

25.06 

30.70 

— 

— 

16.50 

— 

— 

16.41 

— 

— 

10.62 

1 

99.29 

Flight 

Theory 

17.94 



35.87 

— 

35.87 

— 

— 

— 

— 

— 

10.32 

100.00 


VII 

17.47 

— 

36.76 

— 

36.31 

— 

0.09 

— 

— 

— 

10.09 

100.72 


the Tourmaline Group 

of this group conform to the following types ; 

C. • & • fe • & • R = 9 R2O3 • 12 SiOj. 


or the general formula 


m MO • 4 (5 R 3 O 3 • 6 SiOa) • n HgO 


Theory 


XX 


Theory 

Lxvni 

Theory 

Lxn 

Theory 

XXXI 

Theory 

XIX 

Theory 

VIII 

Theory 

XLII 

Theory 

XXXVIII 


SlOa 

BaO, 

AlaO. 

FeaOa 

FeO 

TiOa 

MnO 

CaO 

MgO 

IlaO 

NaaO 

K,0 

HaO 

FI 

Total 

Lose on 
Ignition 

39.76 

7.71 

46.06 

0.00 

0.00 

0.00 

0.98 

0.00 

0.00 

1.24 

1.71 

1.30 

2.24 

0.00 

100.00 

— 

38.85 

0.52 

44.05 

0.00 

0.00 

0.00 

0.92 

0.00 

0.20 

1.22 

2.00 

1.30 

2.41 

0.70 

101.17 

— 

39.15 

8.64 

42.99 

0.00 

0.00 

0.00 

0.00 

0.76 

0.00 

1.63 

2.63 

0.00 

4.40 

0.00 

100.00 

— 

38.07 

9.99 

42.24 

0.00 

0.26 

0.00 

0.35 

0.56 

0.07 

1.59 

2.18 

0.44 

4.26 

0.28 

100.29 

— 

39.01 

8.62 

42.83 

0.00 

0.00 

0.00 

1.92 

0.76 

0.00 

1.22 

2.62 

1.27 

1.95 

0,00 

100.00 

— 

38.i9 

9.97 

42.63 

0.00 

0.00 

0.00 

1.94 

0.45 

0.39 

1.17 

2.60 

0.68 

2,00 

1.18 

101.20 

— 

39.00 

7.67 

44.20 

0.00 

0.00 

0.00 

1.92 

0.76 

1.62 

0.81 

1.68 

0.00 

2.44 

0.00 

100.00 

— 

38.26 

9.29 

43.97 

0.00 

0.00 

0.00 

1.53 

0.62 

1.62 

0.48 

1.63 

0.21 

2.49 

0.70 

100.70 

— 

38.97 

9.45 

41.41 

0.00 

0.97 

0.00 

2.88 

0.00 

0.54 

0.82 

2.62 

0.00 

2.44 

0.00 

100.00 

— 

37.71 

9.99 

41.89 

0.00 

1.38 

0.00 

2.51 

0.00 

0.41 

0.74 

2.40 

0.34 

2.60 

0.60 

100.47 


37.94 

8.28 

41.66 

0.00 

0.00 

0.00 

0.94 

0.74 

0.00 

1.58 

1.64 

2.48 

4.74 

0.00 

100.00 

— 

38!49 

8.25 

41.49 

0.00 

0.35 

0.00 

0.60 

1.82 

0.00 

1.68 

1.32 

2.14 

4.61 

0.43 

100.00 

— 

37.63 

9.13 

39.98 

0.00 

2.82 

0.00 

2.78 

0.73 

0-00 

0.40 

3.24 

0.00 

3.29 

0.00 

100.00 

— 

37!o5 

9.09 

40.03 

0.00 

2.36 

0.00 

2.36 

0.47 

0.32 

0.60 

3.18 

Trace 

3.23 

1.15 

99.83 

— 

38.18 

10.18 

39.22 

0.00 

1.91 

0.00 

1.88 

0.74 

0.00 

1.59 

2.47 

0.00 

3.83 

0.00 

100.00 

— 

37.39 

10.29 

39.66 

0.00 

2.29 

0.00 

1.47 

0.49 

0.00 

1.71 

2.42 

0.25 

3.63 

0.32 

99.91 
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Source 

Analyst 

9 

6 MO -4(5 BjOj-eSiOj) 
•9H2O 

6 MO= 1 FeO • 1 MnO • 0.5 CaO • 2 Li^O 
•1.6 NajO ; 20 R20a= 14.5 AljOa-S.S B2O3 

Auburn 

Riggs 

10 

6M0-4(5Rj03-6Si0j) 

•9H2O 

6 MO=2 FeO-0.5 CaO • 2 LijO • 1.5 Na^O 
20 B2O3 = 14 AI3O3 • 6 B2O3 

>> 


11 

7M0-4(5R203*6Si02) 

•5H2O 

7 MO=1.5 FeO-0.5 CaO - 4 MgO • 1 Na^O 
20BjOs=11.5 AljOa-S.SBjOs-SCrjOs 

N. Issetsk 

Cossa 

12 

7 MO • 4(5 BjO, • 6 SiOj) 
•6H3O 

7MO = 1.5FeO-1.5MnO-0.5CaO- l.SLijO 
• 2 NajO ; 20 B203=14.5 AI3O3 • 5.5 B3O9 

Brazil 

Jannasch 
and Calb 

13 

7M0-4(5R,03-6Si02) 
• 8 H2O 

7MO = 1.5FeO •1.5MnO-0.5CaO-2Li3O 
■1.5 NajO ; 20 Bj03=14.5 AI3O3 • 5.5 B2O3 


Riggs 

14 

7 MO • 4(5 II2O3 • 6 SiOo) 
•8H2O 

7 MO=3.5 FeO • 1.5 Li^O • 2 Na^O 

20 BjOa = 14.5 AI2O3 • 5.5 B^Oj 

Rumford 


15 

8 MO ■ 4(5 B3O3 • 6 SiOj) 
•4H2O 

8 MO = 3 FeO • 0.5 MnO • 1 MgO • 2 Li^O 
• 1.5 NajO ; 20 RjOj^ 14 AI2O3 • 6 B^Oa 

Brazil 

Rammelsberg 

16 

8 MO • 4(5 II0O3 • 6 SiOa) 
• 9 H20“ 

8 MO =4 FeO-0.5 MnO • 1.5 U^O - 2 Na20 
20 R203= 14.5 AI2O3 • 5.5 B2O3 

Auburn 

Riggs 

17 

8MO*4(5R203-6SiOo) 

•IOH2O 

8 MO =2.5 FeO- 1.5 MnO-2 LijO • 0.5 KjO 
•1.5 NajO ; 20 B203=16.5 AljOj-AS B3O, 

Schiitten- 

hofen 

Scharizer 

18 

10 MO • 4(5 RgOa • 6 SiO,) 
•2H2O 

10 MO = 3 FeO-0.5 MnO-4 MgOO.5 K3O 
• 2 NajO ; 20 Bj03= 14 AljOj • 6 BjOg 

M. Bisch 

Sommerland 

19 

10 MO • 4(5 II2O3 • 6 SiOa) 
•3H2O 

10 MO = 7.5 FeO • 1.5MgO • 1 NajO 

20 RjOa = 14 AljO, • 6 BjOj 

Saar 

Rammelsberg 

20 

10 MO • 4(5 R2O3 • 6 SiOg) 
•5H2O 

10 MO=6.5 FeO-1 MgO-0.5 MnO • 1 Li.O 
■ 1 NajO ; 20 Bj03=13 AljOg • 7 B3O3 

Goshen 

>> 

21 

10 MO • 4(5 R0O3 • 6 SiOa) 
• 8 Hod 

10 MO=8 FeO • 1 MgO ■ 1 Na^O 

20 B203=13 AI2O3 • 7 BjOj 

Auburn 

Riggs 

22 

10 MO -4(511208* 6 8102) 
•8H2O 

10MO = 7 FeO • 1.6 MgO • l.SNa^O 

20 B20a= 14.5 AljO, • 5.5 BjOj 

Paris 

- 

23 

10 MO • 4(5 R2O3 * 6 SiOa) 
•8H2O 

10MO = 7.5FeO-1.5MgO- INagO 

20 B203= 13.5 AljOa • 6.5 B2O3 

Alabaschka 

Jannasch 
and Calb 

24 

12 MO -4(511208 * 6 8102) 

• 2 H2O 

12 MO = 8.5 FeO-0.5 MnO-2 MgO-0.5 Na^O 
•0.5 HjO ; 20 R2O3 = 12 AI2O3 • 8 BjOs 


Rammelsberg 

25 

12 MO -4(5 11203*6 8102) 
• 6H2O 

12 MO = 8.5 FeO • 1.5 MgO • 2 Na^O 

20 RjOj = 14 AljO, • 6 BjOj 

Mursinka 

J annasch 
and Calb 

26 

12M0-4(5Ro03-6 8iO2) 
- 8 Had 

1 2 MO = 4.5 FeO • 5.5 MgO -0.5 CaO 
• 1.5 NajO ; 20 R303= 13.5 AI3O3 • 6.5 BjO» 

Stony 

Riggs 

27 

12 MO • 4(5 R2O3 - 6 8102) 
-8H2O 

12 MO = 6 FeO • 4 MgO • 2 Na^O 

20 Bj 03= 13 AljOj ■ 6 BgO, • 1 FejO, 

Piedra 

J annasch 
and Calb 


B. Tourmalines of the type 
R • • S"i • E = 8 R2O3 • 12 SiOj 





Source 

AnaJyst 

28 

7 MO • 2(8 RjOj ■ 12 SiOj)! 
•6H,0 

7 MO=3 FeO • 0.5 CaO • 1 MgO • 0.5 K3O 
• 2Na20 ; 16R30s=14 AljOj -23303 

Waldheim 

Sauer 

29 

13 MO - 2(8 R2O3 • 12 SiOg) 
• 6H2O 

13 MO=2 FeO • 1 CaO • 9 MgO • 1 Na,0 

16 R30,=11.5 AljO, - 4.5 BjO, 

Monroe 

Rammelsberg 

30 

14 MO- 2(8 RoOj* 12 8102) 
• 5 Hsd 

14 MO = 5 FeO ■ 0.6 MnO-0.6 CaO-6.5 MgO 
• 1.5Na20;16R303=llAlj0j-5B308 

Elba 

fr 

31 

14 MO- 2(8 R2O3 -12 8102) 

• 6 H2O 

14 MO=4.5FeO • 1.6 CaO • 7 MgO-1 Na.O 
16 Rj 08= 10 AljOa • 4.5 BjOj • 1.5 FegOj 

Tamatave 

J annasch 
and Calb 
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SiOa 

BaOa 

AI2O3 

TeaOa 

FeO 

TiOa 

MnO 

CaO 

Meo 

LiaO 

I^aaO 

KaO 

HaO 

FI 

Total 

Loss on 
Ignition 

Theory 

38.02 

10.14|39.03j 

0.00 

1.90 

0.00 

1.87 

0.73 

0.00 

1.58 

2.45 

0.00 

4.28 

0.00 

100.00 



LXIV 

38.14 

10.25 

39.60 

0.30 

1.38 

0.00 

1.38 

0.43 

Trace 

1.34 

2.36 

0.27 

4.16 

0.62 

100.23 

4.09 

Theory 

38.16 

11.10 

37.84 

0.00 

3.82! 

0.00 

0.00 

0.74 

0.00 

1.59 

2.46 

0.00 

4.29 

0.00 

100.00 



LXV 

37.85 

10.55 

37.73 

0.42 

3.88| 

0.00 

[0.51 

0.49 

0.04 

1.34 

2.16 

0.62 

4.18 

0.62 

100.39 

— 

Theory 

36.91 

9.84 

30.06 

ll.TOCraOg 

2.771 

0.00 

0.00 0.72 

4.10| 

1.59 

0.00 

0.00 

2.31 

0.00 

100.00 



XXXII 

36.79 

9.51 

30.56 

10.86 CrA 

2.91, 

0.00 

Trace 

0.72 

4.47 

1.36 i 

0.00 

Trace 

2.25 

0.65 

100.08 

— 

Theory 

37.68 

10.05 

38.69 

0.00 

2.82 

0.00 

2.79 

0.73 

0.00 

1.17 

3.25 

0.00 

2.82 

0.00 

100.00 



XLI 

37.40 

10.74 

39.02 

0.00 

2.35' 

0.00 

2.57 

0.60 

0.20 

1.33 

3.59 

0.29 

3.08 

0.98 

102.15 

— 

Theory 

37.48 

9.99 

38.49 

0.00 

2.81 

0.00 

2.77 

0.73 

0.00 

1.56 

2.42 

0.00 

3.75 

0.00 

100.00 



XXXIX 

36.91 

9.87 

38.13 

0.31 

3.19 

0.00 

2.22 

0.38 

0.04 

1.61 

2.70 

0.28 

3.64 

0.14 

99.42 

3.62 

Theory 

37,21 

9.93 

38.23 

0.00 

6.51 

0.00 

0.00 

0.00 

0.00 

1.19 

3.21 

0.00 

3.72 

0.00 

100.00 



LXIX 

36.53 

10.22 

38.10 

0.00 

6.43 

0.00 

0.32 

0.34 

0.00 

0.95 

2.86 

0-38 

3.52 

0.16 

99.81 

3.31 

Theory 

37.86 

11.02 

37.55 

0.00 

5.68 

0.00 

0.93 

0.00 

1.05 

1.58 

2.44 

0-00 

1.89 

O.OOl 

100.00 



XXXVI 

38.06 

10.09 

37.81 

0.00 

5.83 

0.00 

1.13 

0.00 

0.92 

1.30 

2.21 

0.42 

2.23 

0.70 

100.70 

— 

Theory 

36.39 

9.70 

37.37 

0.00 

7.28 

0.00 

0.90 

0.00 

0.00 

1.14 

3.13 

! 0.00 4.09 

0.00 

100.00 



LXVI 

36.26 

9.94 

36.68 

0.15 

7.07 

0.00 

0.72 

0.17, 

0.16 

1.05 

2.88 

0.44 

4.05 

0.71 

100.28 

— 

Theory 

35.99 

7.85 

39.60 

0.00 

4.50 

0.00 

2.66 0.00 

0.00 

1.60 

2.33 

1.17 

4.50 

0.00 

100.00 



VII 

36.38 

8.1239.77 

0.00 

4.17 

0.00 

2.83 

0.00 

0.00 

1.54 

1.93 

0.93 

4.29 

0.00 

100.00 

— 

Theory 

36.87 

10.74 

36.56 

0.00 

5.53 

0.00 

0.91 

0.00 

4.10 

lo.oo 

3.17 

1.20 

0.92 

0.00 

100.00 



XXXIV 

36.86 

10.56 

36.72 

0.00 

5.66 

0.00 

0.660.34 

3.92 

0.00 

3.57 

1.11 

1.16 

0.61 

101.17 

— 

Theory 

35.97 

10.47 

35.67 

0.00 

13.49 

0.00 

0.00 0.00 

1.50 

0,00 

0.65 

0.00 

1.35 

0.00 

100.00 



X 

36.11 

11.6435.46 

0.00 

13.17 

0.00 

0.28 

0.00 

1.52 

0.00 

0.98 

I 0.09 

1.26 

0.41 

100.92 

— . 

Theory 

36.1812.28 

33.31 

0.00 I 

11.75 

0.00 

0.89 

0.00 

1.000.75 

1.66 

0.00 

2.26 

0.00 

100.00 

- 

LVIII 

36.22 

10.65 

33.35 

0.00 

11.95 

0.00 

1.25 

0.00 

0.63 

0.84 

1.75 

0.40 

2.21 

0.82 

100.07 

— 

Theory 

35.04 

10.20 

34.76 

— 

14.02 

— 

— 



0.97 

— 

1.51 



3.50 

— 

100.00 



LXVII 

34.99 

9.63 

33.96 

— 

14.23 

— 

0.06 

0.15 

1.01 

Trace 

2.01 

0.34 

|3.62 

0.00 

100.00 

2.17 

Theory 

35.09 

9.3436.04 

— 

12.28 



0.00 

0.00 

1.46 

0.00 

2.27 



3.50 



100.00 



LXIII 

35.03 

9.02 

34.44 

1.13 

12.10 

— 

0.08 

0.24 

1.81 

0.07 

2.03 

0.25 

3.69 

0.00 

99.89 

2.30 

Theory 

35.32 

11.14 

33.78 

— 

13.25 



— 



1.47 



1.52 

1 

3.53 



100.00 



XXVIII 

35.41 

10.14 

33.75 

— 

13.42 


Trace 

0.17 

1.57 


2.08 

0.34 

3.41 

0.28 

100.57 

— 

Theory 

35.76 

13.88 

30.40 

— 

15.20 



0.88 



1.98 


0.77 



1.11 

1 — 

100.00 



XXVII 

36.19 

12.79 

30.40 

— 

15.59 

— 

0.54 

— 

1.88 

1 

1.04 

0.47 

1.11 

0.76 

100.76 

— 

Theory 

34.35 

9.9934.07 

— 

14.62 







1.43 



2.96 



2.58 

— 

100.00 



XXIX 

34.88 

8.94 

34.58 

— 

14.40 

0.27 

0.24 

0.20 

1.32 

— 

2.70 

0.05 

2.87 

0.51 

100.96 

— 

Theory 

35.30 

11.12 

33.75 

— 

7.94 

1 


0.69 

5.39 

— 

2.28 



3.53 

— 

100.00 

— 

XLIV 

36.66 

10.40 

33.38 


8.43 

0.55 

0.04 

0.53 

5.44 

Trace 

2.16 

0.24 

3.63 

0.00 

100.36 

2.86 

Theory 

34.24 

9.96 

31.53 

3.81 

10.28 







3.81 



2.95 



3.42 



100.00 

— 

XLIII 

34.73 

9.64 

31.69 

3.18 

10.14 

0.30 

0.16 

0.36 

3.47 

— 

2.85 

0.15 

3.44 

0.47 

100.58 

— 


or the general formula 
m MO • 2 (8 R2O3 • 12 SiOj) • n HjO. 



SiOa BaOs AJaOs FeaOa FeO 

TiO, 

MnO 

CaO 

MgO. LizO 

NaaO 

KaO HaO 

FI Total 

Theory 

36.64 3.55 36.33 — 5.49 





0.71 

10.18 — 

3.16 

1.19 2.76 

— 100.00 

III 

36.35 4.61 35.76 — 4.78 

0.41 SnOj 

— 

0.47 

10.01 — 

3.89 

1.22 2.87 

— 99.67 

Theory 

39.38 8.69 32.07 — 3.94 





1.54 

9.84 

1.69 

— 2.95 

— 100.00 

LIII 

39.01 8.95 31.18 — 4.07 

— 

— 

1.81 

9.90 — 

11.82 

0.44 2.82 

— 100.00 

Theory 

38.13 9.24 29.71 — 9.63 



0.94 

0.74 

6.87 

2.46 

— 2.38 

— - 100.00 

XVII 

38.20 9.03 30.02 — 9.93 

— 

0.58 

0.74 

6.87 — 

2.19 

0.25 2.29 

0.16 100.15 

Theory 

37.19 8.12 26.34 6.20 8.37 





2.16 

7.23 — 

1.60 

— 2.80 

— 100.00 

LXXIII 

35.48 9.49 26.831 6.68 7.99 

1.22 

Trace 

2.03i 

6.90 — 

1.92 

0.29 2.58 

0.33 100.74 
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Source 

Analyst 

32 

15 MO • 2(8 K^Oa* 12 8102) 
• 4 H 2 O 

15 MO=4.5 FeO - 1 CaO • 8 MgO - 0.5 KjO 
• 1 NajO ; 16 R,0,= 11.5 AljO, ■ 4.5 BjOj 

Haddam 

Rammels- 

berg 

33 

15 MO • 2(8 B 2 O 3 *12 8102) 
• 6 H 2 O 

16 M0=2 FeO • 0.5 CaO ll MgO l .6 NajO 
16 B,0,=11.5 AljOa • 4.5 BjO, 

Elbenstock 

»» 

34 

16 MO • 2(8 R 2 O 3 • 12 8 IO 2 ) 
• 4 H 2 O 

16 MO = 6 FeO • 0.5 CaO • 8 MgO • 0.5 KjO 
• 1 NajO ; 16 BjOg =11 AljOj • 5 BjOj 

Snanim 

»» 

36 

16 MO • 2(8 RaOa *12 8102) 
• 6 H 2 O 

16 M0=0.5 FeO-1 Ca014 MgOO.5 BajO 

16 Bj 03 = 11.5 AljOj • 4.5 B,0, 

Gouverneur 

»» 

36 

17 MO • 2(8 RaOa *12 8102) 
• 8 H 2 O 

17 MO=0.6 FeO-2 CaO-13.5 MgO-1 NajO 
16 BjOa=10.5 AljOa • 6.5 BjO, 

»> 

Riggs 

37 

18 MO* 2(8 R 2 O 3 * 128102 ) 
* 8 H 20 

18MO=0.5FeO-2.6 Ca0-14Mg01 NajO 
16Bj0a = llAla03-5B30a 

Dekabb 

»» 

38 

19 MO *2f8R,Oa *12 8102) 
* 8 H 20 “ 

19MO=4.5FeO-2.5 CaOll MgOl Na,0 
16 B 30 a= 10 Ala 03 - 6 B 80 a 

Plerrepout 



C. Tourmalinea of the type 
R • Si • • Si • ]^ = 9 RjOa • 12 SiO, 





Source 

Analyst 

39 

3 MO • 2(9 R 2 O 3 • 12 SIO 2 ) 
*5H20 

3MO=0.5MnO0.5MgOl NajOlKaO 

18 Ba03=14Al303 -46303 

Rozna 

Rammels- 

berg 

40 

6 MO -2(9 BjO,- 12SiOj) 
•5HaO 

5 MO =2.6 FeO-0.5 MnO-0.6 MgO- 1.6 NsjO 
18 6303 = 13.5 AljOj • 4.6 B 3 O 3 

Campol 

Engel- 

metnn 

41 

8M0*2(9R203* 12 8102) 
- 6 HaO 

8 MO = 3.5 FeO • 0.5 MnO • 1.6 MgO-1 LijO 
• 1.6 NajO ; 18 Bj03= 13.6 A1303-4.6 BjOj 

1 Chester- 
field 

Rammels- 

berg 

42 

10 MO* 2(9 RaOa *12 8102) 
•3HaO 

10MO=5.5FeO -l.SMnO-lMgO-l.SNaaO 
• 0.6 HjO ; 18 BjO,= 11.6 AljO, • 6.6 B,03 

Saraptilka 

9 * 

43 

10 MO* 2(9 RaOa* 12 8102) 

*4H20 

10MO=5.6 FeO-1 MnOl .6 Mg 01 . 6 Na 30 
• 0.5 KjO ; 18 RjO, = 13 Alj03 • 6 BjO, 

Elba 

ft 

44 

11 MO* 2(9 R 2 O 3 *128102) 
• 8 H 2 O 

11 MO =8 FeO • 0.6 MgO • 2.6 NajO 

18 6303 = 13.6 AljOa • 4.6 B 3 O 3 

Buchw. 

J annasoh 
and Calb 

45 

11 MO *2(9 RaOa -12 8102) 
* 8 HaO 

11 MO=9MgO ■ l.ONajO • 0.6 CaO 

18 R, 03 = 12.6 AljO, • 4.5 B 3 O, • 1 Cr 303 

Maryland 

GiU 

46 

11 MO *2(9 RaOa -12 8102) 
• 9 H 2 O 

11 MO=4.6 FeO • 0.5 CaO - 4 MgO* 2 NaaO 
18 R203=12.5 AlaOa - 5.5 B 2 O 3 

Tamaya 

Schwarz 

47 

12 MO -2(9 Ra08-12 8102) 
-SHaO 

12MO=6.5reO 0.6 CaO*3.5 MgO*l NagO 
• 0.5 KaO ; 18 RaOg^ 12 AlgOs * 6 

Langenb. 

Rammels- 

berg 

48 

12 MO *2(9 RaOa *12 810a) 
•3HaO 

12 MO= 6.6 FeO • 0.5 CaO * 4 MgO * 1 NaaO 
18 R20a= 13 AlaOs • 5 BaOs 

Ejruinin 

99 

49 

12 MO *2(9 RaOa -12 SIO 2 ) 
*4HaO 

12 MO=9.6 FeO • 0.5 CaO * 1 MgO * 1 Na^O 
18 R 203= 12 AlaOa • 6 BgOa 

Andreasb. 

99 

50 

12 MO *2(9 RaOa -12 8102) 
-4Ha0 

12 MO=7.5 FeOO.5 CaO*2.5 MgO*0.5 KjO 
• 1 NaaO ; 18 R 208 = 11.6 AI 2 O 3 • 6.5 BaOs 

Bovey 

Tracey 

99 

51 

12 MO *2(9 RaOa *12 8103 ) 

• 5 HaO 

12 MO =7 FeO • 0.5 CaO * 2.5 MgO * 1 MnO 
* 1 NaaO ; 18 Ra08=12.5 Al208*5.5 BjOj 

Kxuinm 

99 

52 

12 MO -2(9 R 203-12 SiOg) 

* 6 HaO 

12 MO = 1.5 FeO O.5 CaO* 8.6 MgO*0.5 KaO 
• 1 NaaO ; 18 R203= 13 AlaOj • 6 BaOg 

Texas 

- 

53 

12M0*2(9R203*12 SlOa) 
• 8 HaO 

12 MO =8 FeO * 0.5 CaO * 2 MgO * 1.5 NaaO 
18 RaOg^lS AlaOa * 5 3^0^ 

Brazil 

Riggs 

54 

12 M 0 * 2 ( 9 Ra 03 * 12 S 10 a) | 
-9HaO 1 

12 MO =7.5 FeO • 1 MnO • 1.5 Mg0*0.5 KaO 
1.5 NaaO ; 18 RjOs^U AljOg • 4 B 2 O 3 | 

Schiitten- 

hofen 

Soharizer 
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SiO, 

B,0, 

AlaOa : 

FejOa 

FeO 

TiO, 

MnO 

CaO 

MgO 

LiaO 

NaaO 

K,0 

HaO 

FI 

Total 

Loss Ott 
Xsnition 

Theory 

37.81 

8.25 

30.80 



8.52 





1.47 

8.40 



1.63 

1.23 

1.89 



100.00 



LV 

37.50 

9.02 

30.87 

— 

8.54 

— 

— 

1.33 

8.60 

— 

1.60 

0.73 

1.81 

— 

100.00 

— 

Theory 

38.50 

8.40 

31.36 

— 

3.85 

— 

— 

0.75 

11.76 



2.49 



2.89 



100.00 



n 

37.75 

9.14 

30.86 

— 

4.36 

— 

— 

'0.88 

11.62 

— 

2.27 

0.30 

2.82 

— 

100.00 

— 

Theory 

37.20 

9.02 

28.98 

— 

11.16 

— 

— 

0.72 

8.26 

— i 

1.60 

1.21 

1.85 



100.00 



XXV j 

37.22 

9.73 

30.00 

— 

11.16 

— 

— 

0.65 

7.94 

— 

1.13! 

0.63 

1.64 

0.65 

100.66 

— 

Theory ! 

38.91 

8.49 

31.70 

— 

0.98 

— 

— 

1.61 

15.13 

— 

0.84' 



2.44 


100.00 



XLVII ! 

38.85 

8.35 

31.32 

— 

1.14 

— 

— 

1.60 

14.89 

— 

1.28 

0.26 

2.31 

— 

100.00 

— 

Theory 

38.00 

10.14 

28.26 

— 

0.95 

— 

— 

2.96 

14.25 

— 

1.64 



3.80 



100.00 



XLIX 

37.39| 

10.73 

27.79 

0.10 

0.64 

1.19 

— 

2.78 

14.09 

Trace 

1.72 

0.16 

3.83 

Trace 

100.42 

— 

Theory 

37.37 

9.06 

29.12 

— 

0.93 

— 

— 

3.63 

14.54 

— 

' 1.61 



3.74 



100.00 



LII 

36.88 

10.58 

28.87 

— 

0.52 

0.12 

— 

3.70 

14.53 

Trace 

1.39 

0.18 

3.66 

0.50 

100.83 

— 

Theory 

36.09 

10.50 

25.67 

— 

8.12 

— 

— 

3.61 

11.03 

— 

1.65 



3.63 



100.00 



L 

35.61 

10.15 

25.29 

0.44 

8.19 

0.55 

Trace 

3.31 

11.07 

Trace 

1.61 

0.20 

3.34 

0.27 

99.93 

2.69 


or the general formula 
m MO • 2 (9 RjOa • 12 SiO*) • n HjO. 



SiOa 

B,0. 

A1.0, 

Fe,Oi 

FeO 

TiOj 

MnO 

CaO 

MgO 

LI,0 

Na»C 

► K,0 

H,0 

FI 

Total 

Theory 

41.75 

8.10 

41.40 







1.03 



0.58 



1.80 

2.73 

2.61 



100.00 

IX 

41.16 

8.93 

41.83 

— 

— 

— 

0.95 

— 

0.61 

0.41 

1.37 

2.17 

2.67 

1.19 

101.19 

Theory 

40.57 

8.86 

38.80 

— 

5.06 

— 

1.00 



0.66 

— 

2.61 



2.64 



100.00 

XV 

39.26 

9.40 

38.33 

— 

4.51 

— 

1.12 

— 

1.02 

— 

2.43 

0.38 

2.41 

0.61 

99.46 

Theory 

39.01 

8.61 

37.29 



6.83 

— 

0.96 



1.63 

0.81 

2.62 



2.44 



100.00 

LVII 

38.46 

9.73 

36.80 

— 

6.38 . 

— 

0.78 

— 

1.88 

0.72 

2.47 

0.47 

2.31 

0.65 

100.55 

Theory 

38,24 

12.06 

31.15 

— 

10.52 

— 

2.83 



1.06 



2.47 



1.67 

— 

100.00 

XXX 

38.30 

11.62 

31.63 

— 

10.30 

— 

2.68 

— 

1.06 

— 

2.37 

0.33 

1.81 

0.80 

100.80 

Theory 

37.36 

9.06 

34.41 

— 

10.28 

— 

1.84 



1.66 

— 

2.41 

1.22 

1.87 

— 

100.00 

XVIII 

37.14 

9.37 

34.16 

— 

10.52 

j 

1.87 

— 

1.68 

0.32 

2.Z0 

0.75 

1.90 

0.47 

100.47 

Theory 

36.77 

7.80 

34.20 



14.30 

— 

— 



0.60 

— 

3.86 


3.58 

— 

100.00 

XXXIII 

36.60 

8.34 

34.39 

— 

14.26 

— 

Tractt 

Trace 

0.51 

Trace 

3.43 

— 

3.34 

0.77 

100.64 

Theory 

37.83 

8.26 

33.49 

4.00 Cr^O, 




— 

0.74 

9.46 



2.44 



3.78 

— 

100.00 

XLV 

36.66 

8.90 

32.68 

4.32 OroOs 

0.79 Fe,0, 

0.09 

Trace 

0.75 

9.47 

Trace 

2.22 

0.13 

3.74 

0.06 

99.70 

Theory 

36.96 

9.86 

32.72 

— 

8.30 

— 

— 

0.72 

4.10 

— 

3.18 



4.16 

— 

100.00 

XXXV 

36.34 

10.87 

32.22 

— 

8.31 

— 

— 

0.79 

3.92 

— 

3.14 

0.22 

3.89 

— 

i 99.70 

Theory 

37.09 

10.79 

31.63 

— 

12.06 

— 

— 

0.72 

3.61 



1.60 

1.21 

1.39 


100.00 

IV 

37.24 

11.02 

31.63 

— 

11.64 

— 


0.62 

3.66 

— 

1.93 

0.82 

1.45 

— 

100.00 

Theory 

37.05 

8.98 

34.11 

— 

12.04 

— 

— 

0.72 

4.12 

— 

1.59 



1.39 

— 

100.00 

V 

36.43 

9.82 

34.12 


11.68 

— 

— 

0.44 

3.84 

— 

1.36 

0.30 

2.11 

— 

100.00 

Theory 

36.28 

10.66 

30.84 

— 

17.23 

— 

— 

0.71 

1.00 



1.56 

1 

1.82 

— 

100.00 

I 

36.06 

11.11 

30.34 

I — 

17.40 

— 

0.11 

0.72 

0.78 

— 

1.36 

0.68 

1.64 

0.85 

100.86 

Theory 

36.77 

11.60 

29.96 

— 

13.79 

— 

— 

0.71 

2.66 



1.68 

1.20 

1.84 

— 

100.00 

XXI 

37.94 

10.72 

30.22 

— 

13.82 

— 

0.40 

0.50 

2.62 

— 

1.39 

0.66 

1.74 

0.45 

100.45 

Theory 

36.42 

9.71 

32.24 

— 

12.75 

— 

1.80 

0.70 

2.63 



1.57 



2.28 

— 

100.00 

XII 

36.25 

10.27 

32.21 

— 

12.82 

— 

1.50 

0.40 

2.32 

■ — 

1.43 

0.46 

2.34 

0.64 

100,64 

Theory 

37.81 

9.17 

34.82 

— 

2.84 

— 



0.73 

8.93 



1.62 

1.23 

2.84 

— 

100,00 

XLVII 

38.46 

8.67 

34.66 

— 

2.98 

0.09 

— 

0.71 

9.11 

— 

|2.00 

0.73 

2.80 

— 

100.00 

Theory 

36.68 

8.66 

32.86 

— 

14.27 

— - 



0.69 

1.98 



2.30 

— 

3.67 

— 

100.00 

XL 

34.63 

9.63 

32.70 

0.31 

13.67 

— 

0.12 

0.33 

2.13 

0.08 

2.11 

0.24 

3.49 

0.06 

99.52 

Theory 

34.95 

6.78 

34.66 



13.10 

— 

1.72 



1.46 



2.26 

1.14 

3.94 

— 

100.00 

VI 

35,10 

7.09 

36.10 

— 

13.36 

0.08 SnOj 

1.48 

— 

0.98 

— 

1.92 

|0.88 

4.01 

— 

100.00 
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Source , 

Analyst 

65 

13 MO -2(911203 • 12 SiOa) 
• 5 H 2 O 

13MO=7FeO-0.5MnO-3.5MgO-1.5 NajO 
• 0.5 HjO ; 18 E203= 12 AljOa • 6 

Dekalb 

Rammels- 

berg 

66 

13MO •2(9R203- 12 Si 02 ) 
• 6 H 2 O 

13 M0=1.5 FeO • 10 MgO • 1.5 Na^O 

18R303=12A1j03-6B203 

Zillertal 

99 

67 

13 MO *2(911203 *12 8102) 
• 6 H 2 O 

13 MO =4 FeO • 1 CaO • 7 MgO • 1 NajO 

18B303=12Al203-6B303 

St. Gott- 
hard 

99 

68 

13 MO *2(9 11203*12 8102) 
• 6 H 2 O 

13 MO = 1.5 FeO-0.5 CaO -10 MgO-1 NajO 
18 R303= 12.5 AI 2 O 3 • 5.5 B 2 O 3 

Orford 

99 

69 

13 MO *2(911203 *12 8102) 
• 8 H 2 O 

13MO=2FeO -0.5 Ca 0 - 9 Mg 0 - 1 . 5 Na 20 
18 R 2 O 3 = 12 Al 303 - 6 B 3 O 3 

Monroe 

Riggs 

60 

14 MO *2(9 11203*12 8102) 
• 4 H 2 O 

14 MO =0.5 FeO-1 CaO -11 MgO-1.5 NajO 
18 R 303 = 12 AljOa ■ 6 B 3 O 3 

Dobrawa 

Rammels- 

berg 

61 

14 MO* 2(9 RaOs *12 8102) 
-BHsO 

14M0=2.5F60-1 Ca0-9Mg0-1.5Na20 
18 R20a= 13 AI 2 O 3 • 5 BjOa 

Godhaab 

99 

62 

14M0 •2(9R203* 128 IO 2 ) 
• 7 H 2 O 

14 MO =3 FeO - 1 CaO • 8 MgO • 2 MajO 

18 Ra03=12 AljOa • 5 BjO* • 1 FejOa 

Ohlapian 

J annasch 

63 

14M0*2(9R203- I 28 IO 2 ) 
• 8 H 2 O 

14MO = 1.5FeO- lCaO-10MgO-1.5NaaO 
18 RjOa= 12.5 AI 3 O 3 • 5.5 

Orford 

Riggs 

64 

14 MO *2(9 RaOg- I 2 SIO 2 ) 
8 H 2 O 

14 MO=7 FeO-0.5 CaO-4.5 MgO-l.SNaaO 
• 0.5 HaO ; 18 RaOa= 12.6 Al20a-5.5 B 2 O 3 

Haddam 

99 

65 

15 MO *2(9 R203* I 28 IO 2 ) 
• 5 H 2 O 

16 MO=4 FeO-0.5 CaO-9.5 MgO-1 NajO 
18 R 20 a = 12 AlaOa • 6 BaOa 

KragerC 

Rammels- 

berg 

66 

15M0*2(9R203* I 2 SIO 2 ) 
• 6 H 2 O 

15 MO=3.5 FeO-1.5 CaO -8 MgO-2 NajO 
18 R20a=11.5 AI 2 O 3 • 6 B2Oa-0.5 Fe^Oa 

Snarum 

Jannasch 
and Calb 

67 

15M0*2(9R203*12 8 i 02 ) 
• 8 H 2 O 

15M0=4.5Fe0-1.5Ca0-8Mg0-lNa20 
18 R 203=12 AI 2 O 3 • 6 BjOa 

Bafifiins- 

land 

Riggs 

68 

16M0 •2(9R203* I 2 SIO 2 ) 
• 4 H 2 O 

16MO = 7.5FeO-0.5 Ca0-6.5Mg0-1.51ira20 
18 R 20 a= 12 AI 2 O 3 • 6 BjOa 

Unity 

Rammels- 

berg 

69 

- 20 MO* 2(9 R 2 O 3 *12 8102) 
• 7 H 2 O 

20 MO =0.5 FeO-4 CaO-15 MgO-0.5 Na,0 
18B20a=11.5 AlaOa- 6.5 B20a 

Hambg. 

Riggs 


The Fel- 

The following analyses of the minerals of the 

A. Si • R • Si • Si • R • Si = 5 BgOj • 22 SiO,, 

B. Si • R • Si • si • R • Si = 5 R^Oa • 24 SiOj, 
U. Si • R • Si • Si • R • Si = 6 R^Og • 20 SiOg, 


A. Felspars of the type 
S! • R • si • Si • R • ST = 6 RA • 22 SiOg 



! 

1 


Source 

1 

3M0*5R203 22 Si 02 
* IH 2 O 

3 MO=1.5 NaaO-0.5 CaO-0.5 MgO - 0.6 KjO 
5 R208=4.76 AlaOa - 0.25 FejOa 

Oligoclase 

Cape Wrath 

2 i 

4M0*5R203-22 SiOo 
• 2 H 2 O 

4M0 = 1 . 5 Na 20 - 1.75 CaO - 0.5 MgO 
- 0.25 KaO 

Andesine 

Ale bei 
Lima 

3 

4 MO • 5 AI 2 O 3 • 22 Si02 
• 1 H 2 O 

4M0 = 1.75Na20 - 1.75 CaO - 0.25MgO 
-O. 25 K 2 O 

>» 

Marmato bei 
Popayan 
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SiOa 

B,0, 

AljOs 

FeaOj 

FeO 

TiOa 

MnO 

CaO 

MgO 

LiaO 

NaaO 

KaO 

HaO 

Fl 

Total 

Loss on 
Ignition 

Theory 

36.42 

10.60 

30.95 

— 

12.74 



0.90 



3.54 



2.35 



2.50 


lOO.OOj 



LI 

37.07 

9.70 

31.86 

— 

12.55 

— 

0.51 

— 

3.49 

— 

2.04 

0.30 

2.48 

0.31 

100.31 

— 

Theory 

37.97 

11.05 

'32.28 

— 

2.85 

i 

— 



10.55 

— 

2.45 



2.85 



100.00 



XIV 

38.51 

9.52 

32.65 

— 

2.80 

— 

0.36 

0.16 

10.46 

— 

2.13 

0.37 

3.04 

0.36 

100.36: 

— 

Theory 

37.14 

10.87 

31.57 

— 

7.43 



— 

1.44 

7.21 



1.60 



2.80 



100.00 



XVI 

38.00 

10.32 

31.41 

— 

7.23 

— 

— 

1.31 

7.27 

— 

1.43 

0.28 

2.75 

— 

100.00 

— 

Theory 

37.84 

10.09 

33.51 

— 

2.84 

— 

— 

0.74 

10.51 

— 

1.63 



2.84 



100.00 



LIX 

38.33 

9.86 

33.15 

— 

2.88 

— 

— 

0.77 

10.89 

— 

— 

— 

2.81 

— 

100.21 


Theory 

37.38 

10.80 

31.78 

— 

3.74 



— 

0.73 

9.35 

— 

2.40 



3.74 



100.00 



LIV 

36.41 

9.65 

31.27 

— 

3.80 

1.61 

Trace 

0.98 

9.47 

— 

2.68 

0.21 

3.79 

— 

99.87 

3.59 

Theory 

38.09 

11.08 

32.38 

— 

0.95 

— 

— 

1.48 

11.64 

— 

2.46 



1.92 



100.00 



XIII 

38.09 

11.15 

32.90 

— 

0,66 

— 

— 

1.25 

11.79 

— 

2.37 

0.47 

2.05 

0.64 

101.37 

— 

Theory 

36.81 

8.93 

33.89 

— 

4.60 

— 

— 

1.43 

9.20 



2.38 



2.76 



100.00 



LXXII 

37.70 

7.82 

34.26 

— 

4.42 

— 

— 

1.25 

9.51 

— 

2.00 

0.43 

2.61 

— 

lOO.OOi 

— 

Theory 

35.87 

8.70 

30.48 

3.98 

5.38 

— 

— 

1.39 

7.97 


3.09 



3.14 



100.00 



XI 

35.69 

9.84 

30.79 

3.65 

5.46 

0.86 

Trace 

1.54 

8.12 

— 

2.53 

0.27 

3.12 

— 

101.95 

— 

Theory 

36.92 

9.85 

32.69 

— 

2.77 

— 

— 

1.44 

10.26 

— 

2.38 

— 

3.69 



100.00 



LX 

36.66 

10,07 

32.84 

— 

2.50 

0.23 

Trace 

1.35 

10.35 

Trace 

2.42 

— 

3.78 

Trace 

100.42 

— 

Theory 

35.51 

9.47 

31.42 

— 

12.42 

— 



0.69 

4.43 

— 

2.29 



3.77 



100.00 



LVI 

34.95 

9.92 

31.11 

— 

11.87 

0.57 

0.09 

0.81 

4.45 

Trace 

2.22 

0.24 

3.62 

— 

100.35 

2.41 

Theory 

36.63 

10.66 

31.14 

— 

7.33 





0.71 

9.67 



1.57 



2.29 



100.00 



XXIV 

37.11 

9.29 

31.26 

— 

7.58 

— 

— 

0.80 

9.43 

— 

1.78 

0.32 

2.43 

1 

100.00 


Theory 

36.00 

10.48 

29.32 

2.00 

6.30 

— 

— 

2.10 

8.00 



3.10 



2.70 



100.00 



XXVI 

35.64 

9.93 

29.41 

2.90 

6.56 

1.10 

Trace 

1.65 

8.00 

— 

3.03 

0.16 

2.94 

— 

101.32 

— 

Theory 

35.85 

10.43 

30.47 

— 

8.07 





2.09 

7.97 



1.54 



3.58 



100.00 



LXXI 

35.34 

10.45 

30.49 

— 

8.22 

0.40 

Trace 

2.32 

7.76 

Trace 

1.76 

0.15 

3.60 

— 

100.49 

2,88 

Theory 

35.23 

10.29 

30.02 

1 

13.25 

— 



0.69 

6.38 

— 

2.28 



1,76 



100.00 



LXX 

26.29 

9.04 

30.44 

— 

13.23 

— 

— 

1.02 

6.32 

— 

1.94 +K20 

— 

1.72 

— 

100.00 

— 

Theory 

35.26 

11.12 

28.72 

— 

0.88 

— 



5.49 

14.69 

— 

0.76 

— 

3.08 

0.00 

100.00 



XL VI 

35.26 

10.45 

28,79 

— 

0.86 

0.65 

— 

5.09 

14.58 

Trace 

0.94 

0.18 

3,10 

0.78 

100.37 

— 


spar Group. 

Felspar group conform to the folio-wing types : 

I>. Si • R • & • • R • Si = 6 RjOj • 22 SiO^, 
il. Sl - R • SV • R • = 6 RaOj • 24 SiOj. 


or the general formula 
m MO • 5 R2O3 - 22 SiO^ • n H^O. 


Analyst 


SiOa 

AlaOj 

FeaOa 

FeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

1 Total 

Heddle 

Theory 

LXVI 

64.38 

64.54 

23.63 

24.04 

1.95 

2.31 

— 

1.37 

1.21 

0.97 1 
0.77 

2.29 1 
2.59 

4.53 

4.13 

0.88 

0.84 

100.00 

100.43 

Raimondi 

Theory 

xcv 

62.98 

63.20 

23.12 

24.00 

1.91 

1.50 



4.68 

4.36 

0.95 

0.72 

Trace 

4.43 

4.20 

1.93 

1.90 

100.00 

99.88 

Deville 

Theory 

CIX 

63.32 

63.85 

24.43 

24.05 

— 

— 

4.69 

5.04 

0.47 

0.38 

1.12 

0,88 

6.20 

5.04 

0.87 

0.76 

100.00 

100.00 
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.. 

Sottxee 

4 

4MO-5A1j 03- 22SiOj 

4 110 = 2.25 Na,0 - 1.26 CaO ■ 0.6 K,0 

OligODlas© 

Mer d© 

6 

4M0-5R,0, -22810, 

4M[0=2.261Ta,0 -l.SCaO -0.26 K,0 


Rispond 


- 1 w\o 



Ymnvim 

6 

4MO-6Al,03-22SiO, 

4 MO =2.5 1^8,0 • 1 CaO • 0.5 KjO 

- 

7 

J1 1* »» 

„ »» »» >> 

- 

Freiberg 

8 

it >» »> 

,, »* »* *> 

py 

Mikrienbarg 

9 

4MO-5Als03-22SiO, 

99 99 »» 

yy 

Arendal 


•IHjO 



Oanvikg 

Ttdb 

10 

4MO-6AI,03-22SiO, 

4MO=2.76 liaaO ■ 0.76 CaO • 0.25 MgO 

• 0.26 KjO 

yy 

yy 

11 

4MO- 6RA -22 SiO, 

4 MO=2.75 NaaO • 0.75 CaO - 0.25 MgO 

yy 

ROtichen 


-0.26 K4O ! 6 EaO,=4.76 Al, 03-0.25 Fe,Oj 



12 

4MO- 5Al,0,-22SiOj 

4M0=3Na,0- 1 CaO 

yy 


13 

>1 

99 99 99 


Cukagee, 

N,€. 

14 

5MO-6RA-22SiOa 

6 MO = 1.76 Na,0 - 2.6 CaO - 0.76 KjO 

yy 

l^eurodo 



6 Ea0,=4.75 Al,Oa • 0.25 FegO, 



15 

5MO - 6Al,Oa -22 SiO, 

6 MO= 2 Na,0 • 2 CaO - 0.5 H,O-0. 25 MgO 

99 

Aberdeen 


• 0.25 KgO 



16 

19 »> »» 

5M0=2Na,0 • 2.5 CaO • 0.6 £,0 

91 

Hierro 

17 


5M0=2Na,0-3 CaO 

99 

Ciym|>o 




maior 

18 


6MO=2.25NajO- 2.26CaO 0.6K,0 

99 

Rose town. 




M.J. 

19 

5MO- 5A1,0, -22 SiO. 

yy yy yy 

99 

Fytterkto 


• 1H,0 




20 

SMO- 6A1,0, -22 SiO, 

yy yp py yy 

Andasiae 

Mtomki 


• IHjO 




21 

5MO- 5A1,0, -22 SiO, 

5M0=2.25N-a,0 • 2.6 CaO • 0.26 KjO 

99 

fiibrdijaia 

.22 

5MO'5A1,0, -22SiO, 

5 MO=2.5 118,0 • 1 CaO • 0.76 FeO 

Oligoolafu 

KJdfl^tadl 


■ 1 HaO 

-O.SEaO- 0.26 K,0 



23 

5MO-6Al,0,-22SiO, 

5 MO =2.5 MaaO • 2 CaO • 0.26K,O 

9* 

DitrA 


■IHaO 

•0.25H,O 



24 

5MO'eAlaO,-22SiO, 

6 MO =2.5 HTagO ■ 2 CaO • 0.5 K,0 

,9 

Comjos, 

Colorado 

25 

if 99 99 

6 MO=2.6 MagO • 2 CaO • 0.6 HjO 

99 

Aaa.a-S®e 

26 

»9 99 ft 

5M0=2.6Na,0- 2.25 CaO • 0.25 K,0 

99 

M. Mml&bta. 

27 

99 99 99 

99 99 f9 ff 

99 

Kaad#r 

28 

99 99 99 

5 MO=2.75 • 1.5 CaO • 0.5 MgO 

99 

Cliotter, 



-0.25 H*0 


MaM. ' 
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SiOa 1 

AlaO, 

Fe,0, 

FeO 1 

CaO 

MgO 

FlaO 

Na*0 

H,0 

Total 


Theory 

63.27 

24.44 





3.36 



2.25 

6.68 


100.00 


LVII 

63.25 

23.92 

— 

— 

3.23 

0.32 

2.31 

6.78 

— 

99.91 


Theory 

62.15 

21.61 

3.77 

— 

3.96 

— 

1.11 

6.57 

0.86 

100.00 


XLIX 

61.85 

21.70 

3.37 

0 . 20 Mn 203 

4.13 

0.09 

1.63 

6.96 

0.37 

10U.29 


Theory 

63.22 

24.42 

— 

— 

2.68 

— 

2.35 

7.43 



100.00 


XLIX 

62.36 

23.38 

— 

— 

2.88 

— 

2.66 

7.42 

0.13 

98.83 


Theory 

63.22 

24.42 

— 

— 

2.68 

— 

2.35 

7.43 



100.00 


VII 

62.97 

23.48 

0.51 

— 

2.83 

0.24 

2.42 

7.22 

— 

99.69 


Theory 

63.22 

24.42 

— 

— 

2.68 

— 

2.35 

7.43 



100.00 


XXXIV 

63.20 

23.50 

0.31 

— 

2.42 

0.25 

2.22 

7.42 

— 

99.32 


Theory 

62.68 

24.22 

— 

— 

2.66 

— 

2.33 

7.36 

0.85 

100.00 

1 

LXXVIII 

63.53 

24.05 

— 

— 

2.60 

— 

1.86 

8.02 

0.90 

100.96 

i 

Theory 

63.28 

24.45 

— 

— 

2.01 

0.96 

1.13 

8.17 



100.00 


XCII 

63.70 

23.95 

0.60 

— 

2.05 

0.65 

1.20 

8.11 

— 

100,16 


Theory 

63.14 

23.18 

1.92 

— 

2.01 

0.48 

1.12 

8.15 



100.00 


XVI 

63.16 

22.14 

2.51 

— 

2.07 

0.65 

1.34 

8.13 

— 

100.00 

> 

Theory 

63.70 

24.62 

— 

— 

2.70 

— 

— 

8.98 



100.00 


LIII 

62.60 

24.60 

— 

— 

3.00 

0.20 

— 

8.90 

— 

99.40 

h 

Theory 

63.72 

24.61 

— 

— 

2.70 

— 

— 

8.97 

' 

100.00 


CXXXII 

64.12 

24.20 

0.14 

— 

2.80 

— 

— 

9.28 

— 

100.54 


Theory 

61,00 

22.40 

1.85 

— 

6.47 

— 

3.26 

5.02 

‘ 

100.00 


II 

61.54 

22.36 

1.75 

— 

6.23 

— 

2.82 

4.91 

— 

99.61 

. 

Theory 

62.61 

24.19 

— 

— 

6.31 

0.47 

1.11 

6.88 

0.43 

100.00 


LXX 

62.53 

23.52 

1.28 

— 

4.97 

0.37 

1.32 

6.19 

0.60 

100.78 

f 

Theory 

61.66 

23.82 

— 

— 

6.54 

— 

2.19 

5.79 { 



100.00 


CLIII 

60.99 

23.98 

0.90 

— 

6.46 

— 

2.08 

5.44 { 

— 

99.85 

L 

Theory 

62.20 

24.04 

— 

— 

7.92 

— 

— 

5.84 1 



100.00 


LII 

61.81 

24.45 

— 

— 

8.04 

0.34 

0.69 

6.19 

— 

101.42 


Theory 

61.61 

23.81 

— 

— 

5.88 

— 

2.19 

6.61 



100.00 


CXXXIV 

61.12 

23.90 

— 

— 

5.80 

— 

2.58 

6.78 

— 

100.18 

> 

Theory 

61.09 

23.60 



— 

5.83 

— 

2.20 

6.46 

0.82 

100.00 


cm 

60.90 

24,32 

— 

— 

5.78 

— 

1.87 

6,61 

0.62 

100.00 


Theory 

61.10 

23.60 

— 

— 

5.83 

— 

2.18 

6.46 

0.83 

100.00 


LXXXIII 

60.90 

24.32 

— 

— 

5.78 

— 

1.87 

6.51 

0.62 

100.00 

3 

Theory 

61.88 

23.91 

— 

— 

6.56 

— 

1.11 

6.64 



100.00 


LIV 

62.65 

24.19 

— 

— 

6.28 

— 

1.24 

6.48 

j — 

100.84 

1 

Theory 

61.50 

23.77 

— 

2.52 

2.60 

— 

1.09 

7.22 

1.30 

100.00 


XC 

61.80 

25.11 

— 

2.50 

2.38 

— 

0.97 

7.18 

1.60 

10t64 

r 

Theory 

61.60 

23.80 

— 

— 

5.23 

— 

1.10 

7.22 

1.06 

100.00 


XXXVI 

61.08 

23.95 

— 

— 

5.35 

— 

1.09 

6.99 

1.06 

100.27 


Theory 

61.57 

23.79 

— 

— 

6.22 

— 

2.19 

7.23 

— 

100.00 


cxxvin 

61.88 

24.18 

— 

— 

4.79 

— 

2.50 

6.95 

— 

100.30 


Theory 

62.68 

24.32 



— 

6.31 



— 

7.36 

0.43 

100.00 


xxxvn 

63.05 

23.61 

— 

— 

6.28 

— 

— 

7.82 

0.24 

100.00 

BT3l 

Theory 

61.84 

23.89 

— 

— 

6.91 


1.10 

7.26 


100.00 


XLI 

62.84 

1 23.53 

— 

— 

5.50 


1.15 

7.65 

— 

100.67 

bo» 

Theory 

61.84 

23.89 

— 

— 

5.91 

. — 

1.10 

7.26 

— 

100.00 


LXIV 

62.40 

23.60 

— 

— 

5.62 

— 

1.66 

7.04 

— 

100.40 

OTX 

Theory 

62.05 

23.98 

— 

— 

3.95 

0.94 

— 

8.02 

1.06 

100.00 


cxLin 

62.00 

24.40 

— 

— 

3.60 

0.70 

— 

8.07 

1.00 

99.67 


414 


THE FELSPAR GROUP 


29 

30| 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


5MO- 
5MO- 
5MO- 
5 MO 
5 MO 

5 MO 
6MO 

6 MO 


5 AloOfl 


5 AI2O3 
IH2O 
5 AI2O3 
IH 2 O 
5 AI2O3 
1 H 2 O 
5 AI2O3 


5 AI2O3 
IH 2O 
5 ALOo 


• 22 SiOg 
22 SiOa 

• 22 SiOg 

• 22 SiOa 

• 22 SiOg 
•22Si02 

• 22 SiOg 

• 22 SiOo 


6 MO 
6 MO 
6 MO 
6 MO 


5 R 2 O 3 * 22 SiOg 
IH2O 

6 A1208-22 SiOa 

6 BgOa • 22 SiO^ 
IHgO 

5 AlaOg • 22 SiOg 
2H2O 


5 MO = 2.75 NagO - 1.5 CaO*0.5K2O*0.25H2O 
5 MO = 2.75 Na20-1.5 CaO-0.5 H2O-0.25 Kfi 
5 M0=2.75Na20*1.6 CaO*0.5HaO-0.25 MgO 
5 M0 = 2.75Na20-1.5 CaO-0.5 FeO*0.25 KgO 

5 MO = 2.75 NaaO • 1.75 CaO • 0.25 MgO 

• 0.25 K2O 

5 M0 = 2.75Na20 • 1.75 CaO • 0.25 FeO 

• 0.25 KgO 

5 MO = 2. 75 NagO • 2 CaO - 0.25 K2O 


5 MO = 2.75 NagO • 2.25 CaO 
5 MO =3 NagO • 0.5 CaO • 1.5 K^O 
5 MO = 3 NagO • 2.76 CaO • 0. 25 K^O 

5M0 = 3]Sra20*2Ca0 
>> 

5 MO=3.25 Na^O • 1.25 CaO • 0.5 MgO 
6M0=3.25 NaeO- 1.75 CaO 


6 MO = 2 Na20-2.25 CaO-1 MgO-0.75 KgO 
5 R208 = 4.6 AlgOs • 0.6 FegOg 
6 MO = 2.25 NagO-S CaO'0.5 MgO*0.25 KgO 

6 MO=2.5 NagO • 1.5 CaO • 1 KgO • 0.5 MgO 
• 0.5 HaO ; 6 RgOg^ATS AlgOg • 0.25 

6 MO = 2.6 NagO • 2.26 CaO-1 MgO-0.26 KgO 


Bourci! 


Oligoclaso; Monnoir, 
i Canada 

„ j Cragie 

„ 1 Chostor, 

1 Mass. 

,, Kyffh^usor 

1 Moland, 
j Arondal 

Aren, dal 


liiuctmicli 

FradrikH" 

vlifii 

Alatisi 

Ditr5 

Tv^dcfMtmnd 

Orenburg 

Ffirinnhardt 

Itterby 


iJMtreKjfirwi- 

latadb.B&mld 

Cmam 

Bukhr 

Jamftlea- 
Mt8. Can. 

Santoriri© 

Buxburn 

0®b»I 

DucIiimi 
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Analyst 


SiOis 

AlaOa 

FejOa 

1 FeO 

CaO 

MgO 

KaO 

NaaO 

1 HaO 

Total 

Hoffmann 

Theory 

61.29 

23.68 

: — 

— 

3.90 



2.18 

7.91 

1.04 

100.00 


CXLIV 

62.05 

22,60 

— 

— 

3.96 

— 

1.80 

7.95 

0.80 

99.91 

Heddle 

Theory 

61.93 

22.73 

— 

— 

3.94 

— 

1.10 

8.00 

0.42 

100.00 


LXXI 

61.58 

22.00 

— 

— 

4.19 

, — 

1.52 

8.27 

0.54 

99.66 

Jackson 

Theory 

62.05 

23.98 

— 

— 

3.95 

0.94 



8.02 

1.06 

100.00 


CXLIII 

62.03 

24.40 

— 

— 

3.50 

0.70 

— 

8.07 

1.00 

99.67 

Streng 

Theory 

61.11 

23.61 

— 

1.66 

3.89 

— 

1.09 

7.80 

0.84 

100.00 


XII 

60.94 

24.22 

— 

1.66 

3.94 

— 

0.95 

7.65 

0.79 

100.15 

Dirvell 

Theory 

61.39 

23.72 

— 

— 

4.56 

0.46 

1.09 

7.93 

0.85 

100.00 


LXXXIII 

61.84 

24.77 

— 

— 

4.20 

0.30 

0.88 

8.14 

0.50 

100.63 

yy 

Theory 

62.68 

24.22 



— 

2.66 

— 

2.33 

7.36 

0.85 

100.00 


LXXVII 

63.53 

24.05 

— 

— 

2.60 

— 

1.86 

8.02 

0.90 

100.96 

KGnig 

Theory 

61.28 

23.68 

— 

— 

5.19 

— 

1.09 

7.91 

0.85 

100.00 


CXIV 

60.69 

24.24 

0.71 

— 

4.63 

— 

1.28 

7.75 i 

0.85 

100.15 

Haughton 

Theory 

61.81 

23.87 

— 

— 

5.24 

— 

1.10 

7.98 



100.00 


LXXV 

61,88 

24.80 

— 

— 

4.93 

— 

0.98 

8.12 

— 

100.71 

Pisani 

Theory 

61.81 

23.87 

— 

— 

5.24 

— 

1.10 

7.98 



100.00 


LXXXVII 

62.25 

24.80 

0.25 

— 

4.90 

— 

0.80 

7.80 

0.20 

101.00 

Siemiradzki 

Theory 

62.08 

23.98 

— 

— 

5.92 

— 



8.02 



100.00 


CXXIV 

61.58 

25.30 

— 

— 

6.08 

— 

— 

8.14 

— 

101.10 

Fellner 

Theory 

59.43 

22.97 

— 

— 

1.96 

— 1 

6.35 

8.37 

1.62 

100.00 


XXXV 

60.28 

22.40 

— 

— 

1.17 

0.09 

6.37 

8.44 

1.61 

100.36 

Scheerer 

Theory 

61.75 

23.86 

— 

— 

4.68 


1.10 

8.71 ' 

— 

100.00 


LXXXVI 

61.30 

23.77 

0.36 

— 

4.78 

i 

1.29 

8.50 

— 

100.00 

G. V. Bath 

Theory 

61.75 

23.86 

— 

— 

4.68 

— 

1.10 

8.71 

— 

100.00 


! CXVII 

60.34 

24.39 

0.18 

— 

5.56 

— 

0.73 

8.44 

0.33 

99.97 

99 

Theory 

62.04 

23.96 

— 

— 

5.26 

— 

— 

8.74 

— 

100,00 


XV 

62.18 

23.52 

— 

— 

5.33 

— 

— 

8.97 

— 

100.00 

Jannetaz 

Theory 

62.04 

23.96 

— 

— 

5.26 

— 

— 

8.74 

— 

100.00 


XCV 

63.19 

23.52 

— . 

— 

4.81 

— 

— 

9.01 

— 

100.53 

Berzelius 

Theory 

62.23 

24.04 

— 

— 

3.29 

0.94 


9.50 



100.00 


XCIII 

61.55 

23.80 

— 

— 

3.18 1 

0.80 

0.38 

9.67 

— 

99.38 

G. V. Bath 

Theory 

61.98 

23.95 

— 

— 

4.61 

— 

— 

9.46 

— 

100.00 


LXXXIX 

61.91 

23.68 

— 

— 

4.45 

— 

— 

9.64 

— 

100.00 

Haughton 

Theory 

61.98 

23.95 

— 

— 

4.61 

— 

— 

9.46 

— 

100.00 


LXXII 

62.00 

23.20 

— 

— 

4.71 

— 

— 

9.20 

— 

100.00 

Hunt 

Theory 

59.26 

20.16 

3.59 

— 

5.66 

1.80 

3.16 

5.57 

0.80 

100.00 


CXLVII 

58.60 

21.10 

2.88 

— 

5.40 

1.84 

3.08 

5.61 

0.80 

99.21 

rouqu6 

Theory 

60.52 

23.39 



— 

7.71 

0.92 

1.07 

6.39 

— 

100.00 


LI 

59.70 

23.20 

0.40 

— 

7.90 

1.00 

0.80 

6.60 

— 

99.60 

Heddle 

Theory 

59.34 

21.78 

1.80 

— 

3.77 

0.90 

4.23 

6.97 

1.21 

100.00 


LXIX 

59.53 

21.05 

1.81 

— 

3.63 

0.88 

4.73 

7.23 

1.88 

100.74 

Belesse 

Theory 

59.71 

23.07 

— 

— 

5.70 

1.81 

1.06 

7.01 

1.64 

100.00 


CXLVIII 

58.92 

22.49 

0.75 

0.60MnO 

5.63 

1.87 

0.93 

6.93 

1.64 

99.60 
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B. Felspars of the type 
Si • R • Sl • • R • Sl = 5 R^Os • 24 SiO* 






Source 

51 

4M0-6Al203-24Si02 

•IH^O 

4 MO =2.25 Na^O • 0.5 CaO • 0.75 KjO 
•0.5MgO 

Oligoclase 

Lessines 

62 

4MO-5RjO,- 24 SiOj 

4 MO =2.75 NajO • 0.75 CaO • 0.5 KjO 

99 

Old Meldrum 

63 

5M0-5Al203-24Si02 

SMO=2.26NajO 2.6 CaO • 0 . 26 X 40 


Furth 

54 


6 MO=2.5 NajO • 1 CaO • 1 K 4 O ■ O.SMgO 

ft 

Hartenberg 

66 

. 

ft ft ft 

5 MO =2.5 NajO • 1.6 CaO • 0.76 H^O 
• 0.26 K 4 O 

tt 

Visembacli 

66 

ft ff ft 

5 MO = 2.5 NajO • 1.6 CaO • 1 KjO 

tt 

Pierrepont, 

N.S. 

67 

ft ft ft 

5 MO=2.75 NajO-0.76 CaOl K^OO.S MgO 
5 BjO,=4.6 AljO, • 0.6 FejO* 

tt 

Ajatskaja 

68 

5 MO *511203 24 8102 

6 M 0 = 2 . 75 Na 2 O • 1.5 CaO • 0.6 H 2 O 
•0.26KaO 


Coyle, 

Aberdeen 

69 

5M0*6Al208*24 SiOj 

5 M0==3 NajO • 0.76 CaO l K2O-0.26 MgO 

tt 

Pico de 
Teneriffe 

60 

ft ft 

tf ft tf ft tt 

tt 

tf 

61 

5M0-6AI,0,-24Si0s 

•IHjO 

6 M0=3 NajO - 1 CaO • 0.5 KjO • 0.6 HjO 

tt 

BadenTveiler 

62 

5MO-6Al,0,'24SiOj 

5 M0=3 NaaO • 1.5 CaO • 0.5 K 2 O 

tt 

Wittichen 

63 

ft ft ff 

tt ft tt ft 

1 »» 

Gaggenau 

64 

ft tt ft 

6 MO =3.25 NaaO • 1 MgO • 0.75 Kfi 

tt 

Laacber See 

65 

ft tt tf 

5 MO =3.25 NajO 1.26 CaO • 0.25 MgO 
•O. 26 K 2 O 

tt 

Coromandel 

66 

6MO-6AljO,'24SiOj 

6M0=3.26Ma20- 1.5CaO0.25K2O 

tt 

Veltlin 

67 

tt tt tf 

fP >P 

17 

1 

Niedermendig 

68 

tt tt tt 

>f yp 7P 7> 

tt 

Itl^rby 

69 

tf tt tt 

>9 yp >9 99 

»• 

(Granite) 

70 

tt tt t: 

99 99 99 99 

! 

Lairg 

71 

6M0-eAl,0,-24Si0, 

5 MO=3.5 NajO • 0.6 CaO • 0.75 KaO 
• 0.25 MgO 

tt 

Pico de 
Teneriffe 

72 

tt ft tt 

5 MO=3.6 NaaO • 0.76 CaO * 0.5 KgO 
• 0.25 MgO 

ft 

Arendal 

73 

tt ft Tf 

5 MO=3.6 NaaO • 0.76 CaO * 0.75 K 2 O 

tt 

Boden 

74 

tt ft tf 

1 

5 MO=3.6 NajO • 1.25 CaO • 0.25 K 2 O 

ft 

Danbxiry, 

Coxm. 
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or the general formula 
m MO • 5 R 2 O 3 • 24 SiOg * n HgO. 


Analyst 


SlOa 

A1,0, 

FeaO, 

FeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Delesse 

Theory 

64.66 

22.91 





1.28 

0.90 

3.17 

6.27 

0.81 

100.00 


LXI 

63.70 

22.64 

0.53 

— 

1.44 

1.20 

2.81 

6.15 

1.22 

99.69 

Heddle 

Theory 

64.75 

21.78 

1.80 

— 

1.89 

— 

2.11 

7.67 



100.00 


LXVIII 

64.67 

22.18 

1.44 

— 

1.89 

0.02 

1.54 

7.64 

0.15 

99.53 

V. Giimbel 

Theory 

63.92 

22.64 

— 

— 

6.21 

— 

1.04 

6.19 



100.00 


XXXI 

64.40 

23.07 

— 

0.27 

6.61 

— 

0.96 

5.85 

— 

100,16 

G. V. Rath 

Theory 

63.30 

22.42 

— 



2.46 

0.88 

4.13 

6.81 



100.00 


XIV 

63.50 

21.81 

0.66 

— 

2.32 

0.95 

3.65 

6.84 

— 

99.81 

Delesse 

Theory 

64.69 

22.91 

— 



3.77 

— 

1.06 

6.96 

0.61 

100.00 


XXIII 

63.88 

22,27 

— 

— 

3.45 

— 

1.21 

6.66 

0.70 

98.68 

Penfield and 

Theory 

63.08 

22.34 

— 



3.68 

— 

4.12 

6.78 



100.00 

Sperry 

CXL 

63.76 

22.67 

0.41 

— 

3.05 

— 

3.60 

6.89 

0.40 

100.78 

Francis 

Theory 

62.46 

19.92 

3.48 

— 

1.82 

0.87 

4.07 

7.39 



100.00 


CXI 

61.06 

19.68 

4.11 

— 

2.16 

1.05 

3.91 

7.55 

— 

99.52 

Heddle 

Theory 

63.95 

21.64 

1.78 



3.73 

— 

1.04 

7.67 

0.39 

100.00 


LXVII 

63.64 

21.45 

1.86 

— 

3.88 

0.23 

1.07 

7.64 

0.44 

100.11 

Delesse 

Theory 

63.11 

22.35 





1.84 

0.44 

4.11 

8.15 



100.00 


CXLIX 

62.97 

22.29 

— 

— 

2.06 

0.54 

3.69 

8.46 

— 

100.00 


Theory 

63.11 

22.36 





1.84 

0.44 

4.11 

8.15 



100.00 


CL 

62.54 

22.49 

— 

— 

2.18 

0.41 

4.64 

7.84 


100.00 

Wollemann 

Theory 

63.66 

22.51 




12.47 

— 

2.07 

8.21 

1.19 

100.00 


XXIV 

63.22 

22.95 

— 

! — 

2.50 

— 

1.93 

8.12 

1.36 

100.36 

Hebenstreit 

Theory 

63.52 

22.50 





3.71 

— 

2.07 

8.20 ' 

— 

100.00 


XXV 

62.90 

22.23 

— 

— 

4.45 

— 

2.09 

8.48 

— 

100.15 

Seneca 

Theory 

63,52 

22.50 





3.71 

— 

2.07 

8.20 

— 

100.00 


XXVIII 

63.63 

22.52 

— 

— 

3.85 

0.44 

2.29 

8.39 

— 

100.12 

Fouqu^ 

Theory 

63.66 

22.55 





— 

1.77 

3.11 

8.91 

— 

100.00 


XIX 

63.50 

22.10 

— 

— 

0.30 

1.80 

3.40 

8.90 

— 

100.00 

Pisani 

Theory 

63.86 

22.63 





3.10 

0.44 

1.04 

8.93 



100.00 


CXXI 

64.00 

23.50 

— 

— 

2.72 

0.60 

0.77 

9.00 

0.10 

100.75 

G. V. Rath 

Theory 

63.74 

22.58 





3.72 



1.04 

8.92 

— 

100.00 


XLVI 

64.58 

23.08 

— 

— 

3.49 

— 

0.62 

8.98 

— 

100.75 

»> 

Theory 

63.74 

22.58 




3.72 

— 

1.04 

8.92 

— 

100.00 


XVII 

63.06 

23.27 



— 

4.16 

— 

0.62 

8.93 

— , 

100.04 

Lemberg 

Theory 

63.74 

22.58 





3.72 



1.04 

8.92 

— 

100.00 


XCIX 

63.38 

22.98 

— 

— 

3.62 

— 

0.55 

9.10 

0.37 

lOO.OO 

G. V. Rath 

Theory 

63.74 

22.58 





3.72 



1.04 

8.92 

— 

100.00 


CXIII 

63.83 

22.68 

— 

— 

3.42 

— 

1,02 

8.86 

— 

100.16 

Heddle 

Theory 

63.74 

22.58 





3.72 



1.04 

8.92 

— 

100.00 


LXXIII 

62.81 

22.92 

0.16 

— 

4.25 

0.08 

0.84 

8.63 

0.29 

99.88 

Delesse 

Theory 

63.28 

22,43 





1.23 

0.44 

3.09 

9.64 

— 

100.00 


CLI 

63.81 

21.98 

— 

— 

1.10 

0.66 

2.99 

9.46 

— 

100.00 

Hagen 

Theory 

63.56 

22.51 





1.85 

0.44 

2.07 

9.67 

— ■■ ' ' 

loo.od 


LXXVI 

63.51 

23.09 

— 

— 

2.44 

0.77 

2.19 

9.37 

— 

101,37 

Kemdt 

Theory 

63.17 

22.38 





1.84 

— 

3.09 

9.52 

— 

100.00 


IV 

61.68 

22.56 

0.35 

0.40MnO 

2.02 

0.10 

3.08 

9.43 

— 

100.00 

Smith and 

Theory 

63.71 

22.56 

- 



3.09 



1.04 

9.60 

— 

100.00 

Brush 

OXLI 

63.76 

22.58 

— 

— 

3.09 

— 

0.55 

9.72 

0.26 

99.94 


2 E 
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Source 

75 

6]Vn0-5Alij0^-24Si02 

5 MO = 3.5 Na^O -1.25 CaO 0.25 K^O 

Oligoclase 

Telemarken 

76 

6M0-5Al803-24Si0s 
• IHaO 

5MO=3.5Na20-1.5CaO 


Smin 

77 

5M0-5A12O3-24 SiO^ 

6 M 0 = 4 Na 30 - 0.75 CaO • 0.25 KjO 


Turin 

78 

6M0*6Al2O3-24 8i02 

6 MO = 2.75 Na^O • 2.25 CaO • 0.5 FeO 
• 0.25 MgO- 0.25 KjO 


Kyffhauser 

79 

>* 9> >> 

6 MO=3.25 NajO • 2.75 CaO 

- 

Alagnon 

80 

it it it 

6M0=4Na20-2Ca0 

it 

Pargas 


C. Felspars of the type 
Si • :R • Si • Si • 1^ - Si = 6 RgOg • 20 SiOj 






Source 

81 

6MO-6Al»O,-20 SiOj 
• 1 Hjb 

5 MO=1.75 Na 20 - 2.75 CaO • 0.26 MgO 
• 0.25 HjO 

Andesine 

St. Raphael in 
Esterelgebirge 
bei Trdjus 

82 

6 MO • 6 AljOa • 20 SiOj 
•4H30 

6 MO = 2 NajO • 2.75 CaO • 0.25 KjO 

99 

Dubniok 

83 

6 MO* 6 Al 2 O 3*20 SiOa 

6M0=2]Sra30-3Ca0 

99 

Adanaelle- 

Gebirge 

84 

6 MO • 6 R 2 O 3 *208102 

6 MO = 2.25NajO-2.6CaO-0.26MgO 

6 B 403 = 5.5 AI 3 O 3 • 0.6 FejO, 

99 

Descaberado 

Chico 

85 

6 MO- 6 AlsO,- 20 Si 02 

•IHjO 

6 MO=4.75 CaO • 1.25 FeO 

Labradorite 

Silicite,Antrim 

86 

6 MO- 6 AljO 3 - 20 SiOj 

• 3 H 3 O 

6 MO= 1.26 Na 30 - 3.25 CaOO.76 KjO 
-0.5 MgO -0.26 330 

»> 

Lakonien 

87 

6 MO- 6 B 3 O,- 20 SiO 3 

6 MO= 1.25 NajO • 4 CaO ■ 0.6 MgO 
•0.25 KjO ; 6 BsO,= 6.6 AljO,-0.6 FejO, 

99 

Nicolosi 

88 

t9 99 99 

6 MO =1.26 NajO • 4.25 CaO - 0.5H,O 

6 R30a=6.76 AljO, - 0.26 FejO* 

9t 

Kiew 

89 

6 MO- 6 A 12 O 3-20 SiOa 

6 MO=1.26 NajO • 4.26 CaO - 0.6 KjO 

Andesine 

Tunguragua 

90 

6 MO- 6 R 2 O 8 * 20 SiOa 

6 MO = 1.26 NajO • 4.6 CaO • 0.26 MgO 

6 BjO,=6.76 AljO, - 0.26 FojOg 

Labradorite 

Lhama 

91 

6 MO* 6 Al 2 O 8 * 20 SiO 2 

• 2 H 2 O 

6 MO=1.6NajO - 3.6 CaO - 0.76 FeO 
•0.26K8O 

Andesine 

R^osk b. Erlau 

92 

6 MO* 6 Al 2 O 3**20 SiOg 

6 MO= 1.6 Na,0 • 4.6 CaO 

- 

Muretto Pass 

93 

6 MO* 6 Al 2 Os *20 SiO^ 
• 2 H 2 O 

6 MO = 1.76 Na,0 - 3 CaO - 0.76 K,0 
•0.25 MgO -0.26 3,0 

99 

Odenwald 

94 

6MO*6Al2O8*20SiO2 

• 3 H 2 O 

6 MO = 1 .75 Na,0 • 3.26 CaO • 0.76 3,0 
•0.253,0 

99 

Oberstein 

95 

6MO-6R2O8*20SiO2 

6 MO=1.75 Na,0 • 3.6 CaO • 0.6 3,0 
•0.25 3,0; 6 R,Oa=6.76Al,O,0.26 Fe,0, 

99 

ChlteauRicher, 

Canada 

96 

6MO-6Al2O3*20SiO2 

6 MO = 1.75 Na,0 • 4 CaO • 0.26 3,0 

99 

Le Prese 

97 

1 

99 9> it j 

>9 79 it 99 

99 

Hohe Wald, 
Odenwald 
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Analyst 


SiOa 

1 AI2O3 

FesOa 

FeO 

CaO 

MgO 

1 £>0 

NaaO 

HsO 

Total 

Pisani 

Theory 

63.71 

22.56 

— 

— 

3.09 

— 

1.04 

9.60 

— 

100.00 


LXXXVIII 

65.30 

23.00 

— 

— 

*2.42 

— 

0.70 

9.65 

0.20 

101.27 

C. V. Hauer 

Theory 

63.46 

22.49 

— 

— 

3.70 

— 

— 

9.56 

0.79 

100.00 


XXXIII 

63.16 

23.16 




3.00 



0.17 

9.72 

0.79 

100.00 

Rocholl 

Theory 

63.62 

22.53 



1.85 

— 

1.04 

10.96 

— 

100.00 


XLVII 

62.62 

22.40 



2.29 

— 

1.19 

10.78 

— 

99.18 

Streng 

Theory 

60.76 

21.52 



6.32 

0.42 

0.99 

7.19 

2.28 

100.00 

XI 

60.01 

21.66 

! 

1 

— 

5.15 

0.68 

1.37 

7.06 

2.59 

100.08 

Pouqu6 

Theory 

1 62.46 

22.12 

i — 

— 

6.68 

— 

— 

8.74 

— 

100.00 

LIX 

62.40 

22.80 

— 

— 

7.00 

— 

0.50 

8.40 

— 

101.10 

BonsdorH 

Theory 

62.34 

22.08 

— 

— 

4.84 

— 

— 

10.74 

— 

100.00 


Cl 

^62.03 

21.34 

1.00 

— 

!4.86 i 

— 

— 

10.77 

— 

100.00 


or the general formula 
m MO • 6 E 2 O 3 * 20 Si 02 * n HgO. 


Analyst 


SiOa 

AlaOa 

FejOj 

FeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Heville 

Theory 

56.96 

29.04 





7.31 

0.47 

— 

6.15 

1.07 

100.00 


LVII 

57.01 

28.05 

— 

— 

7.53 

0.39 

0.12 

6.47 

1.43 

100.00 

K. V. Hauer 

Theory 

54.91 

28.00 




7.05 


1.08 

5.67 


100.00 


XXXVII 

55.61 

28.64 

— 

— 

7.00 

— 

1.65 

5.69 

— 

101.63 

Val. San 

Theory 

67.04 

29.09 

— 

— 

7.98 

— 

— 

6.89 

— 

100.00 

Valentino 

XLIX 

56.79 

28.48 

— 

— 

8.56 

— 

0.34 

6.10 

0.24 

100.51 

Domeyko 

Theory 

66.33 

26.33 

3.75 

— 

6.57 

0.47 

— 

6.65 

— 

100.00 


XCII 

65.30 

26.60 

4.30 

— 

6.20 

0.60 

— 

6.70 

— 

99.60 

Thomson 

Theory 

54.90 

28.00 



4.12 

12.17 

— 

— 

— 

0.81 

100.00 


LXXVI 

54.80 

28.40 

— 

4.00 

12.40 

— 

— 

— 

0.60 

100.20 

Delesse 

Theory 

54.04 

27.66 



— 

8.19 

0.90 

3.18 

3.49 

2.64 

100.00 


CXXI 

53.20 

27.31 

1.03 

— 

8.02 

1.01 

3.40 

3.52 

2.61 

100.00 

S. V. Walters- 

Theory 

54.90 

25.66 

3.66 

— 

10.25 

0.91 

1.08 

3.54 

— 

100.00 

hausen 

LXXI 

55.83 

25.31 

3.63 

— 

10.49 

0.74 

0.83 

3.52 

— 

100.36 

Segeth 

Theory 

65.79 

27.27 

1.86 

— 

11.07 

— 


3.60 

0.41 

100.00 


CXVIII 

55.49 

26.83 

1.60 

— 

10.93 

0.15 

0.36 

3.96 

0.51 

99.83 

Siemiradzki 

Theory 

55.19 

28,14 

— 

— 

10.95 

— 

2.16 

3.66 

— 

100.00 


CHI 

54.89 

28.97 

— 

— 

10.28 

— 

1.72 

3.61 

— 

99.47 

Koto 

Theory 

65.41 

27,07 

1.86 

— 

11.63 

0.46 

— 

3.68 

— 

100.00 


CXXVIII 

55.97 

27.60 

1.68 

— : 

11.88 

0.66 

0.08 

3.83 

— 

101.70 

K. V. Hauer 

Theory 

54.19 

27.63 

— 

2.43 

8.85 

— 

1.06 

4.20 

1.64 

100.00 


XXXVI 

53.99 

26.78 

— 

2.22 

9.09 

0.30 

0.82 

4.21 

1.90 

99.31 

Mattirolo 

Theory 

55.63 

28.37 

— 

— 

11.68 

— 

— 

4.32 

— 

100.00 


LII 

55.63 

28.38 

— 

— 

11.72 

— 

— 

4.13 

0.24 

100.00 

Behr 

Theory 

54.32 

27.70 



— 

7.60 

0.45 

3.19 

4.91 

1.83 

100.00 


XIX 

64.70 

27.49 

0.55 

— 

7.64 

0.42 

2.76 

4.64 

1.65 

99.86 

Delesse 

Theory 

54.71 

27.90 

— 

— 

8.30 

; — 

1.07 

4.94 

3.08 

lOo.oo 


XI 

63.89 

27.66 

0.97 

— 

8.28 

— 

1.28 

4.92 

3.00 

100.00 

Hunt 

Theory 

65.47 

27.11 

1,86 

— 

9.06 

— 

1.08 

6.01 

0.42 

100.00 


CXXII 

55.80 

26.90 

1.53 

— 

9.01 

0.27 

0.86 

4.77 

0.45 

99.69 

G. V. Rath 

Theory 

55.36 

28.23 

— 

— 

10.33 

— 

1.08 

6.00 

— 

100.00 


LI 

55.15 

29.15 

— 

— 

9.90 

— 

0.80 

6.23 

— 

100.23 

Swiatkowski 

Theory 

55.36 

28.23 

— 

— 

10.33 

— 

1.08 

5.00 

— 

100.00 


XVIII 

65.24 

29.02 

— 

— 

9.91 

0.19 

1.31 

5.13 

— 

100.80 
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Source 

98 

6 MO- 6 Al 2 O 3 - 20 SiO 2 

6 MO = 1.75 NajO • 4 CaO • 0.25 K^O 

Labradorite 

Labrador 

99 

J9 y9 sy 

ff ff ff ff 

» 

- 

100 

?> »> 

ff ff ff ff 

ff 

Campsie 

101 

>» j» 

ff ff ff ff 


Schriesheim 

102 

ff fi 

6 MO = 1.76NajO - 4 CaO • 0-25 HjO 

- 

Suligata 

103 

>> 3i JJ 

ff ff ff ff 


Nagyag 

104 

» J> 

ff ff ff ff 


Piatra 

Poienitia 

105 

}f » fJ 

ff ff ff ff 

- 

Palma 

106 

)» t> »3 

ff ff ff ff 

ff 

Rotimdo 

107 

J9 ff ff 

ff ff ff ff 

ff 

Kisbdnya 

108 

ff ff ff 

6M0=1.76Na20 ' 4.25 CaO 

Andesine 

Pomasque 

109 

ff ff ff 

6 M0=2 N& 2 O • 3.75 CaO • 0.25 K^O 

» 

Langlangchi 

no 

6 M 0 * 6 R 2 O 3 *20 8102 

6 MO =2 • 3.75 CaO • 0.25 MgO 

6 ^203=6.26 AI 2 O 3 • 0.75 Fe^O^ 

Labradorite 

Bamnholder 

111 

7MO-6Al,O,-20 SiOj 

7 MO=0.5Na2O • 3.75 CaO • 1.75 K.O 
•O. 75 H 2 O* 0.26 MgO 

- 

Labrador 

112 

7MO*6R2O3*20SiO2 

7 M0 = 1.6Na20*3.76Ca0*l MgO-O.SHgO 
0.25 MnO ;6 R 203 = 5.75 Al2O8*0.25 Fe^O^ 

- 

Val del Bove 

113 

7MO*6R2O3*20SiOa 
• 1 H 2 O 

7 MO = 1.5 NaaO*4 CaO l MgO O.25 MnO 
•O. 26 H 2 O ; 6R2O8=6.76Al2O8*0.26Fe2O8 

tr 

Etna 

114 

7 MO • 6 RaOa * 20 SiOj 
•IHaO 

7 MO= 1.6 Nafi • 4.75 CaO • 0.25 MgO 
• 0.25 KgO* 0.25 HgO 

ff 

Maacali 

116 

7MO*6Al2O3*20 SiOa 
•IH 2 O 

7 MO = 1.5 NaaO • 4.75 CaO - 0.5 MgO 
•O. 26 K 2 O 

ff 

Montarville 

116 

7MO-6A12O8-20 SiOa 
• 2 H 2 O 

7 M 0 = 1 . 75 Na 20 • 3 CaO • 0.75 H^O 
• 0.75 FeO • 0.6 MgO • 0.26 K 2 O 

Andesine 

Ilfeld 

117 

7 MO • 6 AI 2 O 3 • 20 SiOa 

7 MO=1.76 liTaaO • 4.5 CaO • 0.6 FeO 
•O. 25 K 3 O 

Labradorite 

Labrador 

118 

ff f* ff 

7 MO=2 NaaO - 4.25 CaO • 0.5 H-O 
•O. 25 K 3 O 


Monte Amiata 

119 

ff ff ff 

7M0=2Na20*6Ca0 

” 

Geschiebe bei 
Berlin 

120 

7MO-6AIjOa-20SiOj 

•IHjO 

7 M0 = 2 . 26 Na 2 O • 3.76 CaO • 0.5 H 2 O 
•O. 6 K 2 O 

Andesine 

Illowa 

121 

7MO-6AljO, -SOSiOj 

7 MO=:2.25 Na^O • 3.76 CaO • 0.75 HoO 
•O. 26 K 2 O 

ff 

Bawdon 

122 

8 MO • 6 BjO, • 20 SiOj 

8 MO=2.76 NagO • 6.25 CaO 

ff 

Los 

Pesca dores 
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4*21 


Analyst 


SiO, 

AlaO, 

Fe,0» 

FeO 

CaO 

MeO 

KaO 

Na»0 

HaO 

Total 

Tschermak 

■ Theory 

55.35 

28.23 





10.33 

— 

1.08 

6.01 

— 

100.00 


CLII 

66,00 

27.50 

0.70 

— 

10.10 

0.10 

0.40 

5.00 

— 

99.80 

Klemeat 

Theory 

55.36 

28.23 

— 

— 

10.33 

— 

1.08 

6.01 

— 

100.00 


CLIII 

66.10 

27.33 

1.38 

— 

10.33 

— 

0.36 

5.17 

— 

100.76 

Lehunt 

Theory 

65.35 

28.23 

— 

— 

10.33 

— 

1.08 

5.01 

— 

100.00 


LXXXIX 

64.67 

27.89 

0.31 

O.lSMnO 

10.60 

— 

0.49 

6,05 

— 

99.19 


Theory 

55.35 

28.23 

— 

— 

10.33 

— 

1.08 

5.01 

— 

100.00 


XXIX 

55.24 

29.02 

— 

— 

9.91 

0.19 

1.31 

6.13 

— 

100.80 

Delter 

Theory 

65.35 

28.23 

— 

— 

10.33 

— 

1.08 

5.01 

— 

100.00 


XLI 

65.22 

28.93 

— 

— 

9.96 

— 

0.28 

5.01 

— 

99.39 


Theory 

65.35 

28.23 

— 

— 

10.33 

— 

1.08 

5.01 

— 

100.00 


XLIII 

54.76 

29.09 

— 

— 

10.10 

— 

0.62 

5.00 

— 

99.67 


Theory 

55.36 

28.23 



— 

10.33 

— 

1.08 

5.01 

— 

100.00 

1 

XLII 

65.95 

28.41 

— 

— 

9.85 

— 

0.43 

5.05 

— 

99.67 

Gr. V. Bath 

Theory 

55.36 

28.23 

— 

— 

10.33 

— 

1.08 

6.01 

— 

100.00 


CLXXI 

65.64 

28.89 

— 

— 

10.92 

— 

0.71 

6.09 

— 

101.26 

Delter 

Theory 

56.36 

28.23 

— 

— 

10.33 

— 

1.08 

6.01 

— 

' 100.00 


XLIV 

65.93 

28.16 

— 

— 

9.84 

— 

0.69 

5.27 

— 

99.88 

Delesse 

Theory 

55.36 

28.23 

— 

— 

10.33 

— 

1.08 

6.01 

— 

100.00 


XLVIII 

56.05 

28.11 

— 

— 

10.10 

— 

0.99 

4.65 

— 

99.90 

G. V. Rath 

Theory 

65.60 

28.36 

— 

— 

11.03 

— 

— 

5.02 

— 

100.00 


CV 

55.86 

28.10 

— 

— 

10.95 

— 

— 

5.09 

— 

100.00 


Theory 

66.31 

28.21 

— 

— 

9.68 

— 

1.08 

5.72 

— 

100.00 


XCVII 

55.64 

28.19 

1.02 

— 

9.79 

0.19 

2.63 

6.48 

— 

100.44 

E. E. Schmid 

Theory 

64.56 

24.36 

6.46 

— 

9.66 

0.44 

— 

5.64 

— 

100.00 


XXI 

53.41 

24.88 

4.89 

— 

9.42 

0.44 

— 

6.62 

— 

98.66 

S. V. Walters- 

Theory 

63.55 

27.31 

— 

— 

9.37 

0.46 

7.34 

1.38 

0.60 

100.00 

hausen 

CLI 

53.76 

27.06 

0.99 

1 

9.68 

0.47 

7.63 

1.26 

0.62 

101.26 

Abich 

Theory 

64.63 

26.71 

1.82 

0.81 MnO 

9.66 

1.82 

— 

4.23 

0.42 

100.00 


LXVII 

53.48 

26.46 

1.60 

0.89 MnO 

9.47 

1.74 

0.22 

4.10 

0.42 

98.40 

Ricciardi 

Theory 

53.61 

26.15 

1.78 

0*79 MnO 

9.99 

1.78 

1.05 

4.16 

0.80 

100.00 


LXXII 

63.33 

26.13 

2.87 

0.69 MnO 

10.34 

1.64 

0.61 

3.97 

0.84 

100.22 

S. V. Walters- 

Theory 

63.19 

24.87 

3.66 

— 

11.79 

0.44 

1.04 

4.12 

1.00 

100,00 

hausen 

LXX 

63.56 

26.82 

3.41 

— 

11.68 

0.52 

0.68 

4.00 

0.96 

100.42 

Hunt 

Theory 

63.76 

27.42 

— 

— 

11.92 

0.89 

1.05 

4.16 

0.81 

100.00 


CXLV 

63,10 

26,80 

1.35 

— 

11.48 

0.72 

0.71 

4.24 

0.60 

99.00 

Streng 

Theory 

63.68 

27.38 

— 

2.42 

7.51 

0.89 

1.05 

4.86 

2.22 

100.00 


ni 

63.11 

27.27 

— 

2.63 

7.47 

0.91 

1.08 

6.09 

2.38 

99.84 

Januasch 

Theory 

53.76 

27.42 

— 

1.61 

11.29 

— 

1.06 

4.86 

— 

100.00 


ChY 

64.09 

27.82 

— 

1.60 

11.20 

0.06 

0.43 

4.76 

0.19 

100.04 

Williams 

Theory 

64.38 

27.74 

— 

— 

10.79 

— 

1.06 

6.62 

0.41 

100.00 


Lvin 

65.04 

28.09 

— 

— 

10.65 

— 

1.26 

5.61 

0.60 

101.15 

Bulk 

Theory 

64.15 

27.62 

— 

■ — 

12.64 

— 

— 

6.59 

— 

100.00 


vn 

54.66 

27.87 

— 

— 

12.01 

— 

— 

6.46 

— 1 

100.00 

K. V. Hauer 

Theory 

53.69 

27.37 

— 

— 

9.39 

— 

2,10 

6.24 

1.21 

100.00 


XL 

64.63 

27.37 

— 

— 

9.62 

— 

1.81 

6.98 

1.21 

100.62 

Hunt 

Theory 

64.68 

27.84 

— 

— . 

9.55 

— 

1.07 

6.36 

0.61 

100.00 


CXXVI 

64.46 

28.06 

0.46 

— 

9.68 

— 

1.06 

6.26 

0.56 

100.49 

Domeyko 

Theory 

62.38 

26.60 

1.76 

— 

12.83 

— 

— 

7.44 

— 

100.00 


XCI 

60.60 

26.40 

2.10 

— 

12.25 

0.36 

— 

7.30 

0.04 

97.94 
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D. Felspars of the type 
Si • R • Si • & • • a = 6 R 2 O 3 • 22 SiO^ 






Source 

123 

4MO- 6 RsO, -22 8102 
•3HaO 

4MO=2.5NajO • 0.5 CaO - 0.5 MgO 
•0.5KjO ; 6R2O8=5.75Al2Oa-0.25Fe2O3 

Andesine 

Maims (Ar- 
dennes) 

124: 

5MO-6Al203-22SiO2 

• 2 H 3 O 

5 MO = 2.75 NajO • 2.25 CaO 

99 

Tilasinvuori 

125 

6 MO • 6 AljO, • 22 SiOj 

6 MO = 1.76 NajO • 3.25 CaO • 0.75 HjO 
•0.25 MgO 

99 

St. Raphael 
in Esterelgeb. 

126 

>> >> 

6MO = 2 NajO • 3.25 CaO • 0.5 H^O 
•O. 25 K 2 O 

- 

Chateau 
Richer, Can. 

127 

99 99 99 

6 MO = 2 Na,0 ■ 3.25 CaO • 0.5 HjO 
■ • 0.25 KjO 


Lachute 

128 

6 MO* 6 Al 20 a 22 Si 02 
• 1 H^O 

6 MO = 2 MajO • 3.5 CaO • 0.5 K^O 

99 

St. Raphael 
in Esterelgeb. 

129 

6 MO- 6 A 1208-22 SiO^ 

6 MO =2 NajO • 3.75 CaO • 0.25 KjO 

- 

St. Joachim 

130 

99 »» tf 

6M0 = 2 Na 20 •4CaO 

Labradorite 

Ojamo 

131 

9t 99 99 

6 MO = 2.25 NajO • 3.5 CaO • 0.26 KjO 

Andesine 

St. Raphael 
in Esterelgeb. 

132 

99 99 99 

99 99 99 99 

Labradorite 

Labrador 

133 

99 99 99 

99 99 99 99 

- 

Krakatan 

134 

6 MO- 6 A 1208-22 SiO^ 
•IH 2 O 

99 99 99 99 

Andesine 

Chateau 
Richer, Can. 

135 

6 MO • 6A120-22 SiOg 
• 2 H 2 O 

99 99 99 99 

99 

Sanford, Me. 

136 

6 M 0 - 6 Al 208 * 22 Si 02 

6 MO = 2.25 NajO ■ 3.75 CaO 

99 

Tunguragua 

137 

99 99 99 

6 MO = 2.5 NajO • 3.25 CaO • 0.26 MgO 

99 

Nieder- 

mendig 

138 

' 99 99 99 

6MO=2.5NajO-3.5CaO 

99 

Guaqua 

Pichincha 

139 

99 99 99 

99 99 99 

99 

Trifail 

14C 

' 99 99 

99 99 9* 

Labradorite 

Ojamo 

141 

. 7MO*6Al808-22Si02 
• 2 H 2 O 

7MO=1.75 NajO • 4 CaO • 0.76 HjO 
•0.6KjO 

Andesine 

Gratlue 

142 

! 7MO*6Al208 -22Si02 
•IHjjO 

7MO= 1.76 NajO • 4.25 CaO • 0.76 HjO 
• 0.25 K 2 O 

Labradorite 

Monte 

Amiata 

143 

I 7MO-6Al208*22Si02 

7 MO = 1.75 MajO • 6 CaO • 0.26 MgO 

99 

Verespatek 

144 

99 99 99 

7 MO = 2 NajO • 3 CaO-1 FeO O.76 KjO 
• 0.26 MgO 

Andesine 

Luccivna, 
N. Tatra 

146 

; 7MO*6Al208-22Si02 
• 5 H 2 O 

7 M0=2Na20-3 CaO-l FeOO.76 KjO 
•0.25 MgO 

99 

99 

146 

i 9M0-6Al208 *22Si02 
•SHjO 

9 MO =2 NajO • 6.75 CaO • 0.26 MgO 

99 

St. Raphael 
in Esterelgeb 
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or the general formula 
m MO • 6 R2O3 • 22 SiOj • n H2O. 
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Analyst | | 

SiOa 

AhOs 

FeaOs 

FeO 

CaO 1 

MgO 

K 2 O 

NajO 

H 2 O 

Total 

Klemeat 

Theory 

68.65 

26.06 

1.78 



1.24 

0.89 

2.09 

6.89 

2.40 

100.00 


LXVIII 

59.78 

26.69 

2.05 

— 

1.35 

0.58 

1.69 

7.29 

2.25 

101.68 

Wilk 

Theory 

58.37 

27.06 

— 

— 

6.16 





6.82 

1.59 

100.00 


LXXVIII 

58.39 

26.68 

— 

— 

5.63 

— 

— 

7.69 

1.61 

100.00 

Devill© 

Theory 

68.78 

27.25 

— 



8.10 

0.44 

— 

4.83 

0.60 

100.00 


LVI 

59.07 

26.67 

— 

— 

7.96 

0.58 

Trace 

4.95 

0.77 

100.00 

Hunt 

Theory 

58.13 

26.95 

— 

— 

8.02 



1.04 

5.46 

0.40 

100.00 


CXXI 

68.50 

25.80 

1.00 

— 

8.06 

0.20 

1.16 

5.45 

0.40 

100.57 


Theory 

58.13 

26.95 

— 

— 

8.02 



1.04 

5.46 

0.40 

100.00 


cxxv 

68.15 

26.09 

0.50 

— 

7.78 

0.16 

1.21 

5.55 

0.45 

99.89 

Rammelsberg 

Theory 

56.98 

26.41 

— 

— 

8.46 


2.03 

5.35 

0.77 

100.00 


LV 

58.32 

26.52 

— 

— 

8.18 

0.11 

2.36 

5.27 

0.60 

101.36 

Hunt 

Theory 

67.66 

26.72 



— 

9.17 



1.03 

5.42 



100.00 


CXXIV 

57.55 

27.10 

0.20 

— 

8.73 

— 

0.79 

5.38 

— 

99.75 

Bonsdorff and 

Theory 

67.90 

26.85 





9.82 




5.43 



100.00 

Laurell 

CXIV 

67.69 

26.00 

0.67 

— 

9.87 

— 

— 

6.50 

— 

99.73 

Rammelsberg 

Theory 

67.62 

26.71 

— 



8.55 



1.03 

6.09 



100.00 


LIX 

68.03 

26.64 

— 

— 

8.07 

— 

0.97 

6.16 

0.30 

99.87 

Lemberg 

Theory 

57.62 

26.71 





8.55 



1.03 

6.09 



100.00 


CLVII 

67.36 

27.01 

— 

— 

8.55 

— 

0.65 

6.03 


100.00 

,, 

Theory 

57.62 

26.71 





8.55 



1.03 

6.09 



100.00 


CXXV 

58.29 

27.19 

— 

— i 

8.27 i 

— 

1.22 

5.82 

— 

100.79 

Hunt 

Theory 

57.17 

26.51 




8.49 1 



1.02 

6.04 

0.77 

100.00 


CXXIII 

67.20 

26.40 

0.40 

— 

8.34 

— 

0.84 

5.83 

0.65 

99.60 

Pajme 

Theory 

66.72 

26.30 





8.42 



1.01 

6.00 

1.55 

100.00 


CXVI 

56.65 

25.56 

0.22 

— 

8.25 1 

— 

1.34 

6.18 

1.58 

99.78 

G. Y. Rath 

Theory 

67.86 

26.82 




9.20 1 





6.12 



100.00 


CII 

57.80 

26.75 

— 

— 

9.05 1 

— 

— 

6.40 

— 

100.00 

Laspeyres 

Theory 

67.92 

26.86 





7.98 ! 

0.44 



6.80 



100.00 


X 

67.29 

26.78 

— 

— 

8.01 1 

0.28 

— 

6.84 

Trace 

99.20 

G. V. Rath 

Theory 

57.82 

26.81 



. 

8.58 





6.79 < 

-r— 

100.00 


C 

58.15 

26.10 

— 

— 

9.05 

— 

— 

6,70 

— 

100.00 

Maly 

Theory 

67.82 

26.81 

— 



8.58 





6.79 



100.00 


XLVII 

67.53 

26.62 

— 

— 

8.48 

0.23 

0.39 

6,90 

— 

100.15 

Williams 

Theory 

67,82 

26.82 

— 



8.58 





6.78 



100.00 


oxv 

67.75 

26.15 

0.60 

— 

8.48 

— 

— 

6.25 

— 

99.23 

Heddle 

Theory 

65,91 

25.92 

— 



9.49 



1.99 

4.60 

2.09 

100.00 


Lxxn 

56.30 

25.71 

0.97 

— 

9.35 

— 

1.49 

4.72 

1.82 

100.36 

Williams 

Theory 

56.56 

26.23 

— 



10.20 



1.01 

4.65 

1.35 

100.00 


LVI 

66.68 

26.66 

— 

— 

10.30 

— 

1.43 

4.70 

1.23 

100.00 

Sip5cz 

Theory 

66.64 

26.26 

— 



12.02 

0.42 



4.66 



100.00 


XXXVIT 

66.21 

25.56 

1.00 

— 

11.76 

0.53 

— 

4.37 

— 

101.43 

Hsfer 

Theory 

65.54 

25.75 



3.03 

7.07 

0.42 

2.97 

5.22 



100.00 


XXIX 

66.04 

25.55 

— 

3.12 

7.19 

0.59 

2.59 

4.92 

— 

100.00 

if 

Theory 

53.51 

24.81 



2.92 

6.81 

0.41 

2.86 

5.03 

3.65 

100.00 


XXVIII 

53.26 

24.28 

— 

2.96 

6.83 

0.56 

2.47 

4.68 

3.98 

99.02 

Deville 

Theory 

52.84 

24.51 





15.13 

0.40 



4.96 

2.16 

100.00 


LVIII 

52.42 

24.78 

— 

— 

15.02 

0.51 

0.14 

5.10 

2.03 

100.00 
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E. Felspars of tlie type 
• R • Si • Si • R • Sl = 6 R A ' 24 SiO* 






Source 

147 

4MO-6RjO5-24Si02 

• 6 HjO 

4M;O=2Na2O-0.75CaO 0.75 K^O 
•0.5 MgO ; 6 R303=6.5 AljOj-O-S FejOa 

Oligoclase 

Helsingfors 

148 

4MO-6A]jO,-24SiOs 

4 M:0=2 NajO • 1.75 CaO • 0.25 KjO 

” 

Tokowaja 

149 

>> ff 

4 MO = 2.25 NajO • 1.5 CaO ■ 0.25 KjO 


Bakers ville, N.C. 

150 

5MO-6Als03-24Si02 

5 MO=2 NajO • 2 CaO • 1 KjO 

Andesin© 

Horberig 

151 

5MO-6B,0,-24Si02 

• 6 HjO 

5 MO=5 NajO • 2.25 CaO • 0.75 KjO 

6 R203=5.6 AljO, • 0.5 FesO, 


Milltown 

152 

5M0-6Alj03-24Si02 

• 2 H 3 O 

5 MO = 2.25 NajO • 2 CaO • 0.75 KaO 

Oligoclase 

Durrmorsbach 

153 

5MO-6EjO,-24Si03 

5 MO = 2.5 NajO • 2 CaO ■ 0.5 K^O 

6 R308=6.75 AljOs ■ 0.25 FejOj 

tf 

Ardara 

154 

S MO • 6 A1j 03 • 24 SiOj 
• IHjO 

5 MO=2.5 NajO • 2.5 CaO 

Andesin© 

Milltown 

Csicso-Berg 

165 

6 MO • 6 AljOj • 24 SiOj 
• 2 H 3 O 

5 MO =2.76 MajO • 1.6 CaO • 0.75 K^O 

Oligoclase 

Allemont 

156 

6 MO • 6 AljO, • 24 SiOj 
• 2 HjO 

6 MO=2.76 NajO • 1.6 CaO • 0.6 MgO 
• 0.25 KjO 

- 

Bourg d’Oisans 

167 

5MO-6Al205-24Si02 

6M0=3Ka20*2Ca0 

- 

Carter-MineN’.C. 

168 

6M0*6Al20a-24Si02 
• 1 H 2 O 

6 MO = 1.6 ISTaaO • 4 CaO • 0.25 K^O 
•0.25FeO 

Andesin© 

Kyffhauser 

169 

6M0-6A1203-24 SiOg 

6 MO=2 NagO • 3.25 CaO • 0.6 HgO 
•0.26E:20 


Chateau Richer, 
Canada 

160 

3f ft ft 

6 MO=2.25 iTaaO • 3.25 CaO-0.25 MgO 
'O. 25 K 2 O 


Frauenberg bei 
Schliichtern 

161 

6MO-6A1203-24 SiOa 
•IH 2 O 

6MO=2.5NaoO • 2.25 CaO • 0.75 MgO 
•O. 5 K 2 O 1 


La Bress© 

162 

6MO-6A1203-24 SiO^ 
•lliaO 

6 MO=2.5 NaaO • 2.5 CaO • 0.5 K^O 

• 0.5 H 2 O i 

” 

Cullakeneo, 
Clay Co., N.C. 

163 

6MO-6Al203-24Si02 

•IH 3 O 

6 MO=2.6 Na^O • 2.5 CaO • 0.75 H.O 
•O. 25 K 3 O 


Faymont 

164 

6MO-6Al203-24Si02 

•IHgO 

6 MO=2.5 NaaO • 2.5 CaO • 0.75 H^O 
•O. 26 K 2 O 

” 

Sebesvir 

165 

6M0*6R208-24Si02 

6M0=2.6Na20 • 2.5 CaO • 0.76 MgO 
•O. 25 K 2 O; 6R2O8=6.75A]2O8-0.25Fe2O3 

yy 

Marmato 
bei Popayan 

166 

6 MO • 6 AlaOa • 24 SiOg 

6 MO=2.6 NaaO • 2.76 CaO • 0.6 HgO 
•O. 26 K 2 O 

yy 

Coromandel 

167 

tf tr ft 

6 MO = 2.5 NsaO • 3 CaO • 0.25 MgO 
•0.25 H 2 O 

n 

Budenmais 

108 

ty yt ft 

6 M 0 = 2 . 6 Na 20 - 3 . 5 Ca 0 

yy 

Pululagua 

169 

6M0-6Al203-24Si0a 

• 2 H 3 O 

6 M0 = 2.76Na20 • 1.5 CaO • 1 K^O 
• 0.6 HgO- 0.25 MgO 

OUgoclase 

Unionville, Pa, 

170 

6M0*6Al208-24 SiOg 
•iHgO 

6 M0 = 2 . 75 Na 20 • 2 CaO • 0.5 K^O 
• 0.6 H^O- 0.25 MgO 

Andesin© 

86 rvanc© 

1 
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or the general formula 

ru MO • 6 R2O3 ■ 24 Si02 ■ n H2O. 


Analyst 


SiOa 

AlaOa 1 

FeaOa 

EeO 

CaO 

MgO 

KaO 

NaaO 

HaO 

Total 

Lemberg 

Theory 

68.88 

22.94 

3.27 

— 

1.72 

0.82 

2.88 

5.07 

4.42 

100.00 


CVI 

58.30 

23.16 

4.09 

— 

1.65 

0.59 

2.52 

5.26 

4.44 

100.00 

Jewreinow 

Theory 

62.68 

26.64 

— 

— 

4.26 

— 

1.02 

5.40 

— 

100.00 


cxv 

60.63 

26.35 

0.40 

— 

4.15 

0.25 

1.17 

5.60 

— 

98.55 

Clarke 

Theory 

62.64 

26.61 

— 

— 

3.65 

— 

1.02 

6.07 

— 

100.00 


CXXIX 

62.92 

25.32 

— 

— 

4.03 

— 

0.96 

6.18 

0.25 

99.66 

Knop 

Theory 

60.45 

26.69 

— 

— 

4.71 

— 

3.94 

5.21 

— 

100.00 


XVII 

60.01 

25.49 

— 

— 

4.71 

— 

4.06 

6.77 

— 

100.04 

Heddle 

Theory 

67.81 

22.51 

3.21 

— 

5.06 

— 

2.83 

4.97 

3.61 

100.00 


LXIX 

68.38 

22.50 

2.12 

0.15 MnO 

5.34 

— 

3.20 

5.21 

3.41 

100.31 

Hiaushofer 

Theory 

59.75 

25.40 

— 

— 

4.65 

— 

2.92 

5.79 

1.49 

100.00 


XXIX 

69.30 

25.75 

— 

— 

4.79 

— 

2.78 

5.63 

1.29 

99.64 

Haughton 

Theory 

60.49 

24.64 

1.68 

— 

4.71 

— 

1.97 

6.51 

— 

100.00 


LXIII 

69.28 

22.96 

1.94 

0.32 MnO 

4.65 

0.21 

2.38 

6.48 

— 

98.22 

Koch 

Theory 

60.89 

25.88 

— 

— 

6.92 

— 

— 

6.65 

0.76 

100.00 


XLVI 

61.62 

25.47 

— 

— 

5.72 

— 

— 

6.31 

0.88 

100.00 

Lory 

Theory 

69.68 

25.36 

— 

— 

3.48 



2.92 

7.07 

1.49 

100.00 


LIV 

69.40 

24.20 

0.60 

— 

3.70 

— 

3.80 

7.00 

1.60 

99.80 


Theory 

60.36 

26.66 

— 

— 

3.62 

0.84 

0.98 

7.15 

1.61 

100.00 


LV 

69.90 

25.10 

— 

— 

3.70 

0.70 

1.20 

7.40 

1.70 

99.70 

Keller 

Theory 

61.29 

26.04 

— 

— 

4.76 

— 

— . 

7.91 

— 

100.00 


CXXXI 

62.32 

26.19 

— 

— 

6.01 

— 

0.25 

8.02 

— 

100 79 

Streng 

Theory 

69.30 

25.20 

— 

0.74 

9.23 

— 

0.96 

3.83 

0.74 

100.00 


V 

69.16 

25.97 

— 

1.04 

9.23 

0.03 

0.47 

3.91 

0.68 

100.49 

Hunt 

Theory 

60.24 

25.60 

— 

— 

7.61 1 



0.98 

6.19 

0.38 

100.00 


CXVII 

69.66 

25.62 

0.75 

— 

7.73 

Trace 

0.96 

6.09 

0.45 

100.16 

Wedel 

Theory 

69.82 

26.42 

— 

— 

7.66 

0.43 

0.98 

5.79 

— 

100.00 


VII 

69.19 

25.77 

0.34 (FeaO,+TeO) 

7.27 

0.27 

0.80 

5.88 

0.37 TiOa 

99.89 

Delesse 

Theory 

69.31 

26.21 

— 

— 

6.19 

1.24 

1.93 

6.38 

0.74 

100.00 


XVI 

68.65 

26.26 

0.30 

— 

6.03 

1.30 

1.60 

6.44 

0.91 

99.29 

Chatard 

Theory 

69.48 

26.28 

— 

— 

6.78 

— 

1.94 

6.40 

1.12 

100.00 


CXV 

68.41 

25.93 

0.38 

— 

6.82 

0.18 

2.10 

6.42 

0.93 

100.20 

Delesse 

Theory 

69.96 

25.48 

— 

— 

6.83 

— 

0.97 

6.45 

1.31 

100.00 


XV 

69.38 

25.57 

— 

— 

6.60 

— 

7. 

03 

1.25 

100.00 

K. V. Haue 

Theory 

69.96 

26.48 

— 

— 

6.83 

— 

0.97 

6.45 

1.31 

100.00 


XLII 

69.60 

26.48 

— 

— 

5.82 

— 

1.43 

6.43 

1,35 

100.07 

Abich 

Theory 

69.63 

24.28 

1.66 

— 

6.80 

1.24 

0.97 

6.42 

— 

100.00 


CVI 

69.60 

24.28 

1,68 

— 

6.77 

1.08 

1.08 

6.63 

— 

99.92 

DirveU 

Theory 

60.16 

26.67 

— 

— 

6.43 

— 

0.98 

6.48 

0.38 

100.00 


LXXXIV 

61.32 

26.30 

— 

— 

6.60 

— 

1.19 

6.30 

0.50 

101.11 

Foulloa 

Theory 

69.79 

26.41 

— 

— 

6.99 

0.41 

0.97 

6.43 

— 

100.00 


xxvi 

69.22 

25.08 

0.96 

— 

7.08 

0.28 

0.64 

6.79 

— 

100.78 

G. V. Eath 

Tlieory 

69.93 

26.47 

— 

— 

8.16 

— 

— 

6.45 

— 

100.00 


XCIX 

69.39 

26.08 

— 

— 

8 20 

— 

0.22 

6.74 

— 

100.63 

Chatard 

Theory 

58.65 

24.92 



— 

3.42 

0.41 

3.83 

6.94 

1.83 

100.00 


CXXXVII 

59.36 

24.16 

0.61 

— 

3.08 

0.34 

3.78 

7.22 

1.96 

100.50 

Delesse 

Theory 

69.64 

26.31 

— 

— 

4.63 

0.41 

1.94 

7.05 

L12 

100.00 


xiri 

68.92 

25.06 

— 

— 

4.64 

10.41 

2.06 

7.20 

1.27 

1 99.50 


426 


THE FELSPAR GROUP 






Source 

171 

6M0-6Alj>03*24Si02 

6 MO=2.75 Ha^O • 2.25 CaO-0.75 KjO 
• 0.25 MgO 

Oligoclase 

Beloceil 

172 

9i »» 

6 MO=2.75 NajO • 3 CaO • 0.25 K^O 

Andesine 

Heubach 

173 

91 i }9 

19 99 99 99 

91 

1 

(Chateau Richer, 
Canada) Toluca 

174 

99 99 19 

6 MO=3 NajO • 1.76 CaO • 0.75 HjO 
•0.26 MgO - 0 . 25 X 20 

1 Oligoclase 

1 

l^orway 

175 

6MO-6AljO, 24SiOj 
•IHjO 

6 MO=3 NajO • 1.75 CaO • 0.75 KjO 
•0.25 MgO - 0 . 25 X 20 

Andesine 

1 

Coravillers 

176 

6MO-6AljO,-24SiOj 

•1H,0 

6 MO=3 Na 20-2 CaO-0.6 K 2 OO. 6 H 2 O 

Oligoclase 

Altai 

177 

6 MO 6 BjOa -24 8102 

•SHjO 

6 MO=3 Na20 • 2.5 CaO • 0.25 MgO 

•0.25Na20:6R203=6.75Al20s0.26Fe20, 

Andesine 

Frankenstein 

178 

6M0-6Al20,-24Si02 

6 MO =3 NajO • 2.75 CaO • 0.25 KjO 


Marmato 
bei Popayan 

179 

99 19 99 

6M0=3Na20'3Ca0 


Mojanda 

180 

99 99 99 

6MO=3.75 • 2.25 CaO 

77 

Bodenmais 

181 

6M0-6AJ203'24Si03 

• 3 H 2 O 

6M0=4Na20-2Ca0 

77 


182 

7MO-6A13G8-24 SiOo 
• 3 H 3 O 

7 MO = 2.5 Na.O • 3.25 CaO • 0.75 H^O 

1 

77 

Szaszka 

183 

7M0'6R203'24Si03 

•IH 3 O 

7M0=2.5Na20 • 3.5 CaO • 0.5 Kfi 
•O. 5 H 2 O; 6R2O3=5.75Al2O3*0.25Pe2O8 

77 

Chfi-teau Richer, 
Canada 

184 

7M0*6A]20a-24Si03 

• 2 H 3 O 

7M0 = 2.75Na20 • 3.5 CaO • 0.75Kfi 

77 

Delnabo 

Glen Gairu 

185 

7M0-6Al20,*24 SiO^ 
• 2 H 3 O 

7 MO=3 NaaO • 3.25 CaO • 0.5 K^O 
• 0.25 H 2 O 

’’ 

Nagy Sebes 

186 

7M0-6Al203-24Si02 

7 MO=3 NaaO • 3.25 CaO • 0.5 K 2 O 
‘0.25 MgO 

” 

Marmato 
bei Popayan 

187 

99 19 99 

7 MO=3.5 NaaO • 3 CaO • 0.5 MgO 

Oligoclase 

Baumgarten 
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Analyst 

1 Si02 

AI 2 OJ 

re^O, 

FeO 

CaO 

MgO 

K 2 O 

NajO 

HjO 

Total 

Hoffmann 

Theory 

59.28 

25.19 

— 



5.19 

0.42 

7.02 

7.02 


100.00 


CXLV 

58.30 

24.72 

— 

— 

5.42 

0.91 

2.74 

6.72 

0.50 

99.32 

Petersen 

Theory 

69.66 

25.36 

— 

— 

6.96 

— 

0.97 

7.06 



100.00 


XX 

58.77 

25.30 

0.31 (Fe20,+FeO) 

6.90 

0.18 

0.60 

6.67 

0.28 TiOo 

99.01 

G. V. Rath 

Theory 

59.66 

25.36 

— 

— 

6.95 

— 

0.97 

7.06 



100.00 


CXIII 

59.79 

26.43 

— 

— 

7.41 

— 

0.64 

7.24 

— 

100.51 

Hirvell 

Theory 

60.42 

25.68 

— 

— 

4.11 

0.42 

0.99 

7.81 

0.57 

100.00 


LXXV 

61.14 

25.10 

— 

— 

4.39 

0.50 

1.17 

7.66 

0.80 

100.76 

Delesse 

Theory 

69.04 

25.09 

— 

— 

4.02 

0.41 

2.89 

7,63 

0.92 

100.00 


XIV 

58.91 

24.69 

0.99 

— 

4.01 

0.39 

2.54 

7.59 

0.98 

100.00 

Christschoif 

Theory 

59.16 

25.15 

— 

— 

4.60 



1.93 

8.05 

1.11 

100.00 


CXVIII 

68.89 

25.38 

— 

— 

4.69 

— 

1.35 

7.65 

1.17 

99.25 

Schmidt 

Theory 

58.10 

23.70 

1.61 

0.76 NiO 

5.66 

0.40 



7.52 

2.18 

100.00 


I 

58.93 

23,50 

1.27 

0.39 NiO 

5.67 

0.56 

0.50 

7.42 

2.21 1 

100.00 

Rammels- 

Theory 

59.62 

25.23 

— 

— 

6.38 



0.97 

7.70 



100.00 

berg 

evil 

60.26 

25.01 

— 


6.87 

0.14 

0.84 

7.74 

— 

100.86 

G. V. Rath 

Theory 

59.85 

25.44 

— 


6.98 



— 

7.73 



100.00 


XCVIII 

60.48 

25.35 

— 

— 

7.25 

— 

0.08 

7.28 

' — 

100.44 

A. Ohl 

Theory 

59.74 

25.39 

— 

— 

5.23 





9.64 



100.00 


XXIV 

60.35 

26.13 

— 

— 

5.14 

— 

— 

9.32 

— 

100.94 

H. Schulze 

Theory 

59 26 

25.17 

— 



4.62 





10.21 

0.74 

100.00 


XXIII 

58.36 

25.72 

— 

— 

4.76 


— 

10.18 

0.51 

99.63 

Sommaruga 

Theory 

57.52 

24.46 

— 

— 

7.26 



1.88 

6.19 

2.69 

100.00 


XXXIX 

56.51 

24.94 

— 

— 

7.08 

— 

1.28 

6.37 

2.55 

98.73 

Franke 

Theory 

57.80 

23.53 

1.61 

— 

7.87 



1.89 

6.22 

1.08 

100.00 


exx 

58.38 

23.86 

1.18 

— 

7.83 

— 

1.68 

6.05 

1.03 

100.11 

Heddle 

Theory 

57.03 

24.23 

— 

— 

7.77 



2.79 

6.75 

1.43 

100.00 


Lxxi 

56.96 

23.81 

0.94 

— 

7,98 

0.09 

2.56 

6.85 

1.62 

100.81 

K. V. Hauer 

Theory 

57.42 

24.41 

— 

— 

7.26 

— 

1.87 

7.42 

1.62 

100.00 


XLI 

57.20 

25.12 

— 

— 

6.96 

— 

1.87 

7.28 

1.68 

100.11 

Jacobson 

Theory 

58.13 

24.71 

— 

— 

7.35 

0.40 

1.90 

7.51 



100.00 


CVIII 

00.14 

25.39 

0.87 

— 

7.93 

0.53 

1.66 

7.99 

— 

104.51 

Vaxrentrapp 

Theory 

58.61 

24.92 

— 

— 

6.83 

0.81 



8.83 

— 

100.00 


III 

58.41 

25.23 

— 

— 

6.54 

0.41 

— 

9.39 

— 

99.98 
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ALLOPHANES AND CLAYS 


A. Formulse from a Series of Analyses of Allophanes. 


I. 

0.5 CaO 

6 AI 2 O 3 

6 SiOa 

32 HoO 

II. 

0.5 CaO 

6 AI 2 O 3 

6 SiOa 

38 H 2 O 

Calcd. 

1.77 

38.77 

22.96 

36.50 

Calcd. 

1.66 

36.29 

21.48 

40.57 

round 

1.92 

37.73 

23.53 

36.86 

Found 

1.96 

35.20 

21.39 

40.86 

III. 

0.75 CaO 

6 AI 2 O 3 

6 SiO. 

, 32 HoO 

IV. 0.25 CaO 

6 AI 2 O 3 

5 SiOa 

32 H^O 

Calcd. 

2.63 

38.44 

22.75 

36.17 

Calcd. 

0.93 

40.69 

20.07 

38.30 

Found 

2.83 

38.76 

22.65 

35.14 

Found 

0.70 

41.00 

19.80 

37.70 




V. 0.75 CaO 6 AI 2 O 3 

esiOs 

42 H 2 O 






Calcd. 

2.37 34.53 

20,45 

42.65 






Found 

2.23 31.34 

20.50 

42.91 





B. Formulae from Clay Analyses in C. Bischof’s Book. 


(a) Si • • Si. 


KjO 

MgO 

CaO 

FeaOa 

AJaOa 

SiOa 

HjO 

NajO 

Total 

j RaO 

RaOaj 

SiOa 1 

HaO| 

Pagej 

Source 

2.87 

0.28 

0.23 

0.44 

26.73 

61.46!8.26 



100.27 

0.48 

3.10 

12.00 

5.37 

78 

Mahren, Briesen 

0.27 

0.54 

0.13 

3.06 

24,52 

62.73 

8.88 

— 

100.13 

0.21 

2.98 

12.00 

5.65 

66 

GOppersdorf, Silesian Prussia 

3.15 

0.52 

0.10 

1.12 

26.27 

61.35 

7.53 

— 

100.041 

0.56 

3.10 

12.00 

4.90 

68 i 

Tschirne, Silesian Prussia 

1.45 

0.54 

0.51 

0.83 

26.93 

62.66 

7.38 

— 

100.30 1 

0.43 

3.09 

12.00 

4.69j 

68 1 

>> >> ft 


(b) Si • E, • Si. 


KaO 

MgO 

CaO 

FeaOa 

AlaOa 

SiOa 

HaO 

NaaO 

Total 

RaO 

RaOa 

SiOa 

HaO 

Page 

Source 

2.11 

Trace 

0.15 

3.42 

26.94 

58.02 

9.39 



100.03 

0.26 

2.96 

10.00 

5.39 

71 

Lothain b. Meifien, Saxony. 

2.11 

0.47 

0.40 

1.86 

28.55 

58.35 

8.59 

— 

100.33 

0.42 

2.99 

10.00 

4.91 

87 

Sergej ewka, Russia. 

1.24 

0.55 

0.61 

2.03 

27.98 

56.59 

9.92 

1.08 C. 

100.15 

0.39 

3.03| 

10.00 

5.83 

86 

Borowitschi, Russia. 

2.99 

0.37 

0.26 

1.35 

28.31 

59.01 

7.93 

— 

100.22 

0.46 

2.91 

10.00 

4.48 

53 

Neitzert i. Bendorf, Prussia. 

1.26 

0.28 

0.34 

1.71 

28.31 

59.78 

8.27 

0.052 

100.02 

0.26 

2.89 

10.00 

4.61 

83 

Sonkolyo, Hungary. 

0.88 

0.33 

0.36 

1.04 

29.26 

57.97 

9.98 

0.09 S. 

99.91 

0.25 

3.03 

10.00 

5.74 

86 

Borowitschi, Russia. 

1.26 

0.24 

0.13 

0.97 

28.88 

58.63 

10.50 

— 

100.01 

0.22 

2.90 

10.00 

5.97 

71 

Lothain b. Meifien, Saxony. 

0.75 

0.34 

0.28 

1.17 

29.15 

58.26 

10.00 

— 

100.05 

0.22 

3.02 

10.00 

5.77 

71 

»> »» »» 

0.73 

0.15 

0.46 

0.89 

29.57 

57.71 

10.68 

— 

100.19 

0.21 

3.06 

10.00 

6.17 

75 

Michelob, Bohemia. 

0.54 

Trace 

0.07 

1,16 

28.68 

59.58 

9.87 

— 

99.90 

0.07 

2.91 

10.00 

5.52 

71 

Lothain b. MeiBen, Saxony. 

0.60 

0.13 

0.12 

0.76 

29.99 

58.04 

10.59 

0.08 S. 

100.31 

0.12 

3.08 

10.00 

6.08 

71 

ft )f 7f 



KaO 

MgOj 

CaO FeaOaj AlaOa SiOa 

HaO 

NaaO 

Total 

RaO 

FjOa SiOa 

HaO 

Page 

Source 

I. 02 I — 1 — 1 1.77(l8.93l72.06l6.13l 0.10 S.|l00.00l0.14l2.98|l8.00l6.12| 69 

1 GroBalmerode, Prussia. 


(d) ll^Si 
\Si 


KaO 

MgO 

CaO 

FeaOa 

AlaO, 

SiOa 

HaO 

NajO 

Total 

RaO 

BaOa 

SiOa 

HaO 

Page 

Source 

0.66 

0.33 

0.18 

0.63 

23.65 

66.69 

9.11 

0.09 S. 

!i00.23 

0.23 

3.22 

16.00 

16.93 

71 

L 6 tham b. Meiflen, Saxony- 

2.19 

0.16 

0.24 

1.67 

23.08 

66.35 

7.46 

— 

100.16 

0.43 

3.26 

15.00 

5.70 

67 

Ober-Horka, Prussia. 

0.85 

0.08 

0.07 

1.40 

23.02 

67.48 

7.34 

— 

100.24 

0.16 

3.12 

15.00 

5.44 

60 

Dillenburg, Prussia. 

0.80 

0.09 

0.43| 

0.71 

23.61 

66.68 

7.90 

— 

100.12 

0.25 

3.18 

15.00 

5.93 

77 

Blansko, M3>hren. 
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(e) Si • R • • Si. 


KaOj 

MgO 

CaO 

FejOsj 

AlaOa 1 SiOa 

HaO ; 

N'aaO 

Total 

ItjO I 

BaOa 

SiOa 

HaO 

Page 

* Source 

0.67 

38.461 

0.02 

0.29 

24.5l|28.12 

6.38 

1.87 

|l00.22|24.62| 

6.19 

! 12.00 

9.08 

57 

Westerland, Prussia. 

1.32 

0.07 

0.06 

2.74 

37.0947.22 

10.79 

— 

100.19 

0.26 

5.81 

12.00 

6.09 

74 

Eger, Austria. 

3.00 

0.11 

0.04 

0.95 

37.9546.97 

10.02 

— 

99.04 

0.54 

5.79 

12.00 

8.53 

52 

Ebernhalm, Prussia. 

2.00 

0.18 

0.12 

1.65 

38.1744.90 

12.85 

— 

99.93 

0.63 

6.16 

12.00 

11.45 

74 

Eger, Austria. 

0.51 

0.21 

0.32 

0.41 

37.7346.21 

14.22 

0.39 

100.02 

0.35 

5.81 

12.00 

12.31 

57 

Westerland, Prussia. 


(f) & • R • R • Si. 


KaO 

MgO 

CaO 


AlaO, 

SlOa 

HaO 

NaaO 

Total 

B-aO js-aOs 

SiO, 1 

HaO 

Page 

Source 

4.28 

0.95 

0.62 

1.24 

32.72 

48.92 

11.49 

— 

100.23 

1.18 

4.83 

12.00 

9.39 

1 78 

Briesen, M^hren. 

1.64 

15.79 

0.13 

0.33 

29.64 

42.63 

7.62 

2.61 

100.91 

7.72 

4.92 

12.00 

7.07 

57 

Westerland, Prussia. 

2.73 

0.49 

0.32 

2.94 

33.63 

49.43 

10.69 

— 

100.13 

0.83 

5.09 

12.00 

8.64 

44 

Griinstadt, Bavaria, 

3.21 

0.41 

0.48 

1.79 

33.09 

50.72 

10.49 

— 

100.19 

0.75 

4.77 

12.00 

8.27 

44 


2.30 

0.79 

0.66 

2.22 

24.76 

49.60 

9.96 

— 

100.19 

0.78 

4.91 

12.00 

8.03 

44 


2.65 

0.69 

0.34 

1.73 

33.67 

60.39 

10.85 

— 

100.22 

0.73 

4.86 

12.00 

8.61 

44 


3.86 

0.63 

0.43 

1.27 

36.39 

49.76 

8.83 

— 

100.17 

0.93 

5.12 

12.00 

7.09 

54 

HChr b.Grenz]:iausen,Prus. 

3.14 

0.67 

0.40 

2.24 

33.91 

48.92 

10.92 

— 

100.10 

0.84 

6.09 

12.00 

8.84 

44 

Grrunstadt, Bavaria. 

3.38 

0.65 

0.33 

2.07 

34.61 

48.85 

10.18 

— 

99.97 

0.82 

5.19 

12.00 

8.33 

44 


2.73 

0.45 

0.34 

2.00 

33.76 

60.12 

10.63 

— 

100.03 

0.67 

4.94 

12.00 

8.48 

44 


1.51 

0.73 

0.76 

1.66 

34.961 

49.48 

11.04 

0.26 S. 

100.39 

0.69 

6.13 

12.00 

8.92 

68 

Grofialmerode, Prussia. 

1.81 

0.44 

0.48 

1.90 

34.09 

49.49: 

11.63 

0.036S. 

99.87 

0.56 

5.03 

12.00 

9.40 

46 

G-em.Mechenhart, Bavaria. 

1.59 

14.66 

0.02 

0.08 

30.33 

41,14 

10.02 

2.10 

99.84 

7.20 

6.17 

12.00 

9.63 

67 

Westerland, Prussia. 

2.66 

0.21 

0.40 

2.00 

33.71 

49.86 

11.13 

— 

99.97 

0.68 

4.95 

12.00 

8.92 

44 

Grriinstadt, Bavaria. 

3.79 

0.15 

0.23 

1.16 

33.71 

47.76 

13.26 

— 

100.06 

0.72 

5.09 

12.00 

11.10 

80 

Briesen, Mahren . 

1.33 

0.76 

0.51 

1.84 

36.60 

49.66 

10.04 

— 

99.74 

0.67 

5.23 

12.00 

8.09 

44 

Griinstadt, Bavaria, 

2.78 

0.18 

0.33 

1.06 

34.41 

50.03 

11.46 

— 

100.26 

0.57 

4.95 

12.00 

9.16 

76 

Wildstein, Bohemia. 

1.30 

0.28 

0.05 

1.89 

33.64 

48.23 

14.63 

0.16 S. 

100.78 

0.32 

6.10 

12.00 

12.13 

83 

G6ttweig, South Austria. 

1.41 

0.23 

0.34 

1.00 

34.89 

61.17 

10.86 

— 

99.89 

0.38 

6.02 

12.00 

8.48 

77 

Blansko, M&hren. 

1.04 

0.29 

0.21 

0.60 

35.71 

50.00 

11.98 

— 

99.94 

0.31 

6.08 

12.00 

9.56 

77 

tf »» 


(g) §i • fl ■ & • jR • Si. 


KaO 

MgO 

CaO 

ll'e.o; 

AlaO, 

SiO, 

HaO 

NaaO 

Total 

EaO 

BaO, 

SiOa 

H,0 

Page 

Source 

2.41 

0.38 

b.68|0.42 

0.2510.16 

l.oolso.ll 

0.70131.71 

66.04 

156.47 

9,44| 

!ll.40i 

— 

100.10 0,96 
100.06|0.26 

6.81 

6.13 

18.00 

18.00 

10.10 

12.33 

68 

72 

Tschime, Prussia. 

Lothain b. MeiBen, Saxony. 


(h) Si • • ^i • R • Si. 


KaO 

MgO 

|caO 

FCaOa 

AlaO, 

SiOa 

HaO 

NaaO 

Total 




HaO 

Page 

1.67 

|0.67;0.43| 

1.78 

31.68| 

I63.1410.69 

0.04 

99.98 

0.71 

6.79 

16.00 

10.73 

46 

3.01 

0.39 

0.42 

2.00 

32.64 

50.911 

10.42 

0.10 , 

99.79 

0.87 

6.25 

16.00 

10.94 

54 

0.60 

0.31 

1.31 

1.20 

30.66 

60.40 

15.66 

— 

100.12 

0.71 

6.87 

16.00 

16.56 

87 

2.92 

0.28 

0.31 

1.23 

33.56 

61.96 

9.62 

— 

99.84 

1.41 

6.22 

le’.oo 

9.87 

76 

1.37 

0.45 

0.49 

1.60 

33.11 

64.66 

8.73 

— 

99.69 

0.61 

6,93 

16.00 

8.61 

46 

1.37 

0.45 

0.49 

1.60 

34.08 

63.09 

8.71 

0.11 s 

100.00 

0.62 

6.20 

16.00 

8.75 

61 

0.61 

0.23 

0.13 

0.66 

33.61 

52.111 

12.80 

— 

100.14 

0.24 

6.14 

16.00 

13.10 

71 


Source 


Grem.Mechenhart, Bavaria. 
Hohr b.Grrenzhausen,Prus. 
Novgorod, Brussia. 
Wildstein, Bohemia. 
Klingenberg a.M. Bavaria. 
Ahrtal, Prussia. 

Lothain b.Meifien, Saxony. 


(i) Si * R • * R • 


IK.0 

MgO 

CaO ! 

FeaOa 

AlaOa 

SIO, 

HaO 

NaaO 

Total 

BfOa 

B,0, 

j SiOa 1 HaO 

Page 

Source 

1.40 

1.99 

0.34 

0.30 

0.10 

0.21 

0.72 

0.79 

27.40 

28.30 

60.i6 

60.21 

8.0o! 

8. 

0.21 FeO 

98.32 

100.39 

0.46 

0.57 

4.91 

5.06 

18.0017.97 

18.0018.691 

84 

49 

Nam\ir, Belgium. 

0 denwaldjHessen-Barmstadt. 
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CLAYS 


I 

Calcd. 

Found. 

II. 

Calcd. 

Found. 

III. 
Calcd. 
Found. 

IV. 
Calcd. 
Found. 

VI. 

Calcd. 

Found. 

VIII. 

Calcd. 

Foiuad. 

IX. 

Calcd. 

Found. 

X. 

Calcd. 

Found. 

XI. 
Calcd. 
Found. 

XII. 
Calcd. 
Found. 

XIII. 
Calcd. 
Found. 

XIV. 
Calcd. 
Found. 

XV. 
Calcd. 
Found. 

XVI. 
Calcd. 
Found. 


C. Formulae from Clay Analyses in C. Bischof's Book. 

0.5 CaO 2.75AI2O3 0.25Fe2Oa ISSiOg 5.5 H2O 

2.06 20.72 2.95 66.95 7.32 /Source *. Tiegelerdberg (Bavaria). 

2.25 20.97 2.25 66.70 7.53 \ Analyst : H. Kaul, Z. c. p. 47. 

0.25 K2O 19.75 H2O 0.25 FegOg 9.75 AlgOg 24 SiOg / Source : Winkelhaid (Bavaria). 
0.82 12.42 1.40 34.73 50.62 ( Analyst .• H. Kaul, Z. c. p. 47. 

0.95 12.11 1.38 35.72 49.80 0.15CaO O.lSNagO 0.09 S 

0.25 MgO 0.25 KoO 0.25 FegOg 5.75 AlgOa 16 SiOg 15.5 H^O/Source : WolfshOhe (Bavaria) 
0.52 1.23 2.09 30.77 50.73 14.64 /Analyst : H. Kaul, 1. c. p. 47. 

0.59 1.09 1.56 31.26 49.61 14.43 0.26 CaO 0.29 NagO 

0.5CaO I5.5H2O 0.25Fe2O3 5.75AI2O3 lOSiOg/Source : Passau (South Bavaria). 

1.47 14.68 2.10 30.86 50.88 tKerl,Handb.d.ges.Tonw.l879,505,Z.c.48. 

1.63 14.23 1.05 31.11 51.02 0.80 HgO 


0.25 FegOg 5.75 AlgOg 16 SiOg /Source *. Stabbarp (Sweden). 

2.51 36.81 60.68 /Analyst : Cronquist, Stockholm (1. c. p. 41 ). 

1.70 36.10 60.80 0-5 CaO 0.5 KgO 0.2 MgO 

0.5 KgO 8.5 HgO 5 AI2O3 16 SiOj / Source : Finsing b. Deggendorf. 

2.80 9.12 30.41 57.66 /Analyst : C. Bischof, 1. c. p. 43. 

3.17 8.67 29.47 57.45 0.75Fe2O8 0.76 (MgO+CaO) 

0.25Fe2O3 5.75AI2O3 15Si02 0.5 KgO 9.5 HgO /Source ; Orunstadt (Rheinpfalz). 
2.28 33.50 51.77 2.68 9.77 / Analyst : C. Bischof. 

1.79 33.09 50.70 3.21 10.49 0.41 MgO 0.18 CaO 

6 AljOg 12 SiOa / Source : Altwasser, Grube Morgen- und Abendstern. 

45.78 54.22 /Analyst ; C. Bischof {1. c. p. 36). 

45.07 54.03 0.15 MgO 0.25Fe2O3 0.54 KgO 

O.25K2O 0.25CaO 0.25Fe2O3 5.75AI2O3 IGSiOg 

1.44 0.86 2.45 35.96 59.29 /Source : Passau (Bavaria). 

0.90 1.20 1.90 36.40 59.60\ Analyst : Cronquist, Stockholm, Z.c. p. 48. 

0.25 K2O 9.75 HgO 0.6 FogOg 5.5 AJ2O3 16 SiOg/Source : Schwarzwald (Oberpfalz). 

1.30 9.71 4.42 31.05 63.51 /Analyst : C. Bischof (?. c. p. 48). 

1.33 10.50 3.41 30.69 63.10 0.32 MgO 0.26 CaO 


12H20 

6.75Al20a 

0.25 Fe-Oj 

, 18SiO 

2 r Source : Klingenberg a. M. 


11.19 

30.39 

2.07 

56.34 

/Analyst : unknown (Z. c. p. 46). 

11.14 

30.47 

1.51 

56.44 

0.30 MgO 0.79 CaO 

0.30 Kgi 

0.5FeaOa 

6.5Al20a 

leSiOa 

I2H2O/ 

Source : Klingenberg a. M. 


4.38 

30.76 

63.01 

11.81 / 

Analyst : Vohl, 1875. 


3.54 

31.61 

62.32 

11.81 

0.48 CaO 


O.SFegOg 

4.5AI2O3 

12 SiOa 

lOHjO/ 

Source : Edingenberg a. M. 


5.54 

31.79 

50.20 

12.47 / 


4.22 

32.00 

51.05 

12.14 

0.46 CaO 


0.25 MgO 

0.25 CaO 

0.25 KgO 

9.25 H.0 0.26 F6.0, 5.75 Al.O, 

16 SiOg 

0.55 

0.77 

1.30 

9.21 

2.21 32.45 

53.50 

0.50 

0.50 

1.37 

9.12 

1.50 33.11 

64.06 


Source : Klingenberg. Analyst ; C. Bischof, 1887. 
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D. Behaviour of Clays, dried at 100° C., towards Sulphuric Acid, according 

to C. Bisehof. 


fcTn 





% 





1 Molecular Ratios 1 

Separated 

AlaO,: 

I 

K 







1 







SiOa in 

vSiOa in 

HjO 

|KjO 

l^gO 

1 FeO 

1 CaO 

1 AlaOa 

F6jOa 

j SiOj 

1 Total 

H2O 

R4O 

RaOs 

SiOa 

% 

Mol. 

Solution 

1 

9.40 

1.15 

0.20 



0.04 

29.96 

0.45 

58.80 

100 

9.11 

0.31 

5.17 

17 

25.66 

7.42 

5: 

10 

2 

8.41 

2.09 

0.28 

— 

0.56 

30.34 

0.67 

57.65 

100 

7.83 

0.65 

5.05 

16 

21.35 

5.8 

5: 

10 

3 

7.44 

2.31 

0.25 

— 

0.06 

25.73 

0.60 

63.61 

! 100 

4.70 

0.36 

2.91 

12 

36.68 

6.91 

6: 

10 

4 

10.03 

3.22 

0.45 

0.44 

0.28 

27.99 

0.44 

56.98 

100 

10.04 

1.01 

5.00 

17 

21.28 

6.34 

5: 

11 

5 

7.27 

1.21 

0.64 

0.40 

0.08 

22.30 

0.50 

67.60 

100 

5.41 

0.46 

2.97 

16 

41.87 

9.29 

6: 

10 

6 

8.14 

: 1.42 

0.34 

0.21 

lO.lO 

27.87 

0.73 

61.19 

100 

8.03 

0.49 

4.93 

18 

26.91 

7.91 

5: 

10 

7 

16.13 

1 1.61 

0.85 

— 

0.42 

36.32 

1.00 

44.67 

100 

11.60 

0.75 

5.94 

12 

4.67 

: 1.26 

6: 

11 


i ■ ■■ 

I" ■- ' Ultramarines. 

Formulae from a series of Ultramarine Analyses. 





All 2 

N'fti, 

S 4 

^60 



Total 


1 . 

Theory. 

16.60 

16.01 

13.64 

6.32 

47.43 

— 

— 

100.00 



Found. 

16.45 

14.36 

14.46 

6.00 

48.74 

— 

— 

100.00 

Biokmann, Bingl. Journ. 232 , 











164. 



Sii 2 

All, 

Naia.g 

K 0.5 

S 4 





2 . 

Theory. 

16.55 

15.96 

16.30 

0.96 

6.31 

44.92 

— 

100.00 



Found. 

16.87 

15.39 

16.66 

0.72 

6.69 

46.67 

— 

100.00 

Philipp, Ann. d. Chem. 184 , 


99 

16.81 

16.27 

16.21 

LOS 

6.42 

45.21 

— 

100.00 

132. 




Alia 

Agie 

Na, 

S 4 

OsD 

(H, 0)4 



3. 

Theory. 

9.39 

9.06 

48.28 

1.29 

3.58 

26.39 

2.01 

100.00 



Found. 

9.78 

9.40 

48.82 

1.07 

3.96 

26.07 

1.90 

100.00 

J. Szilasi, Ann. d. Chem. 231 , 



8.63 

9.42 

48.79 

1.03 

4.03 

26.29 

1.81 

100.00 

97-114. 



Sii 2 

All 2 

Pbs 

Na, 

S 4 

O 5 , 

(H,0)g 



4. 

Theory. 

9.41 

9.08 

46.16 

1.29 

3.59 

26.44 

4.03 

100.00 



Found. 

9.68 

8.21 

46.02 

0.93 

4.06 

27.27 

3.93 

100.00 

J. Szilasi, Ann. d. Chem. 231 , 



9.51 

8.16 

46.23 

1.06 

3.94 

27.11 

3.99 

100.00 

97-114. 



Siia 

All, 

Zn, 

Na, 

S 4 

O 5 , 



5. 

Theory. 12.99 

12.53 

20.11 

1.77 

4.95 

36.51 

11.14 

100.00 



Found, 

14.14 

11.80 

19.78 

— 

5.86 

37.62 

10.90 

100.00 

J. Szilasi, Ann. d. Chem. 251 , 



14.17 

11.86 

19.98 

0.72 

5.66 

36.51 

11.10 

100.00 

97-114. 



Sits 


Agia 

Nai 

S 5 

^56 

K 


4 

6 . Theory. 10.69 

lo.k 

44.67 

0.73 

5.09 

28.51 

— 

100.00 



Found. 

10.76 

9.90 

43.69 

0.81 

4.89 

29.60 

0.35 

100.00 

J. Philipp. Ber. d. D. chem. 



— 

10.54 

44.08 

0.73 

— 

— 

0.50 

100.00 

Ges. JO, 1227, 



Six, 

All, 

Agis 

Nai 

S 5 

Og? 




7. 

Theory. 

9.96 

9.60 

47.99 

0.68 

4.73 

27.04 

— 

100 . 00 ] 



Found. 

10.09 

9.00 

48.08 

1.16 

4.68 

27.00 

— 

100.00 1 

K. Heumann, Aim. d. Chem. 


99 

10.09 

9.11 

47.89 

1.17 

4.82 

26.92 

— 

100.00 1 

J 99 , 271. 



. — 

9.21 

47.96 

0.89 

. — 

— 

— 

— J 



99 

10.24 

9.23 

48.66 

, — 

4.81 

— 

— 

— 

K. Heumann, Ann. d. Chem. 











203 , 174. 



Sirs 

All, 

Nai, 





100.00 


8 . 

Theory. 16.86 

16.27 

13.85 

9.64 

43.33 

— 

— 



Found. 

16.80 

16.32 

13.94 

9.70 

43.24 

— 

— 

100.00 

G. Guckelberger, Dingl. J oum. 


7f 

16.84 

16.30 

13.98 

9.80 

43.08 

— 

— 

100.00 

247 , 343, 1883. 
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All 2 


S 4 

^62 

(H 20)2 Total 


9. Theory, 16.60 

16.01 

18.18 

6.32 

41.11 

1.78 

100.00 


Found. 16.70 

15.97 

18.48 

7.14 

39.52 

2.19 

100.00 


„ 16.76 

15.82 

18.23 

7.20 

39.78 

2.21 

100.00 


„ 16.73 

15.94 

18.55 

7.22 

— 






M 17.14 

17.21 

15.87 

18.24 

18.12 

6.92 

7.02 

40.55 

1.18 

1.23 

100.00 

>J. Szilasi, Ann. d. Chem. 2 ^ 1 , 97-114. 

„ 16.75 

16.15 

18.08 

6.75 

41.05 

1.22 

100.00 


„ 16.73 

— 

18.12 

6.95 



1.16 




„ 16.39 

15.08 

18.24 

6.60 

42.16 

1.53 

100.00 


„ 16.45 

15.44 

18.40 

6.80 

41,40 

1.51 

100 . 00 ^ 


Si 12 

A 1 i 2 

'N&i, 

K 

S 5 

O 50 



10. Theory. 17.30 

16.68 

16,59 

— 

8.24 

41.19 

100.00 


Found. 17.32 

15.94 

16,64 

0.75 

7.91 

41.44 

100 . 00 ^ 









^Philipp, Ann. d. Chem. 184 , U2, 1876. 

17.61 

15.84 






17.08 

7.91 

40.66 

100 . 00 , 

„ 18.00 

16.11 

17.05 

— 

8.04 

40.80 

100.001 


„ 18.24 

16.33 

— 

— 

8.36 

40.68 




„ 18.06 

15.78 

17.30 

— 

8.18 

40.68 

100.00 

Hoffmann’s Analyses, according to 

„ 18.11 

16.01 

17.16 

— 

8.05 

40.67 

100.00 

'K. Heumann, Ann. d. Chem. 203 , 174, 

„ 18.33 

16.25 

17.14 

— 

8.42 

39.86 

100.00 

1880. 

„ 18.20 

16.10 

17.30 

— 

8.40 

40.00 

100.00 J 


„ 17.69 

16.13 

17.07 

— 

8.02 

41.09 

100.00 "I According to K. Heumann, Ann. d. 
100.00/ Chem. 203 , 174, 1880. 

„ 17.88 

16.47 

16.61 

— 

7,67 

41.37 

„ 17.77 

16.10 

17.06 

— 

8.02 

41.05 

100.00 

K. Heumann, Ann. d. Chem. 199 , 263. 

Sii 2 

A 1 i 2 

Na ]2 

S 4 





11. Theory. 18.34 

17.69 

15.07 

6.98 

41.92 

— 

100.00 


Found. 18.47 

16.88 

16.43 

6.17 

43.05 

— 

100.00 

Rickmann, Hingl. Jouml. 232 , 164. 

Sii 2 

A 1,2 

Nai, 

S 4 

^48 




3 2 . Theory. 17.89 

17.25 

17.14 

6.83 

40,89 

— 

100.00 


Found. 18.00 

17.32 

16.20 

6.62 

41.86 



100 . 00 . 


„ 18.28 

17.15 

16.40 

6.78 

41.39 

— 

100.00 


„ 18.30 

17.38 

16.10 

6.59 

41.63 

— 

100.00 

G. Guckelberger, Dingl. Joum. 2 .^ 7 , 

„ 17.98 

17.30 

16.52 

6.88 

41.32 

— 

100.00 

^ 343, 1883. 

„ 18.08 

17.36 

16.46 

6.69 

41.42 



100.00 


„ 17.89 

17.43 

16.38 

6.89 

41.41 



100.00 j 


„ 18.41 

17.00 

16.40 

6.81 

41.38 

— 

100.00 


„ 18.21 

17.63 

16.80 

7.01 

40.35 

— 

100.00 


18.08 

17.32 

17.01 

6.89 

40,70 



100.00 


,, 18.00 

17.68 

16.92 

7,05 

40.35 

— 

100.00 

yG. Guckelberger Dingl. Joum. 247 , 

„ 18.90 

17.82 

16.21 

6.40 

40.67 

— 

100.00 

386, 1883. 

„ 18.34 

17.60 

16.78 

6.79 

40.49 



100.00 


18.61 

17.12 

16.38 

6.75 

41.14 



100 . 00 , 


17.86 

17.66 

16.60 

6.79 

41.19 

— 

100.00 


„ 18.09 

17.28 

17.00 

6.90 

40.73 

— 

100.00 

G. Guckelberger, Dingl. Joum. ; 247 , 

„ 17.29 

16.91 

16.48 

6.60 

41.72 

— 

100 .00^ 

383, 1883. 

Si] 2 

A 1 i 2 


S4 

O48 




13. Theory. 17.46 

16.84 

19.13 

6.65 

39.92 

— 

100.00 


Found. 17.36 

16.96 

18.98 

6.70 

40 02 

— 

100 .00) 


„ 17.52 

16.84 

18.88 

6.60 

40.16 

— , 

100.00 

G. Guckelberger, Dingl. Joum. 247 , 

„ 17.66 

16.50 

18.98 

6.72 

40.15 

— 

100.00 

343, 1883. 

„ 17.67 

16.40 

19.05 

6.80 

40.08 

— 

100.00 


„ 17.83 

16.41 

18.97 

6.62 

40.17 

— 

100.00 ■ 

G. Guckelberger^ Dingl Joum. 247 , 

18.01 

16.24 

19.20 

6.78 

39.77 

— 

100.00 

383, 1883. 

„ 18.02 

17.00 

18.92 

6.82 

39.24 

— 

100.00 

G. Guckelberger Dingl. Joum. 247 ^ 


386, 1883. 
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14. Theory. 

Sii2 

All 2 

Nai2 

Ag4 

S4 

14.84 

14.31 

12.19 

19.08 

5.65 

Found. 

15.00 

14.22 

12.50 

19.00 

5.29 

15. Theory. 

Sii2 

All 2 

Nag 

Agio 

S4 

12.12 

11.68 

4.98 

38.93 

4.61 

Found. 

12.02 

11.82 

4.68 

39.20 

4.40 

16. Theory. 

Sii2 

All 2 

Naig.g 

Ko -6 

S4 

18.12 

17.48 

16.76 

1.05 

6.90 

Found. 

18.29 

16.50 

17.86 

1.33 

6.20 


Sii2 

All 2 

Najg 

S4 

^48 

17. Theory. 

17.05 

16.45 

21.02 

6.50 

38.98 

Found. 

17.00 

16.60 

21.50 

6.50 

38.40 

» 

16.74 

15.95 

20.69 

6.22 

40.50 

if 

16.59 

16.14 

20.92 

5.72 

40.63 

>f 

16.63 

16.27 

21.02 

6.51 

40.67 


O48 Total 

33.93 100.00 

33.99 100.00 G. Guckelberger, Dingl. Journ. 247, 

343, 1883. 

O48 

27.68 100.00 

27,98 100.00 G. Guckelberger, Dingl. Joum. 24 ^, 

347, 1883. 

O48 

39.70 100.00 

39.93 100.00 H. Ritter, Inaug.-Diss. Gottingen, 

1860. 

— 100.00 

— 100.00 Rickmann, Ann. d. Chem. 1-22. 

100 00 } Dingl. Journ. 232 , 16^. 

— 100.00 Rickmann, Dingl. Journ. 232 , 170. 


Sij2 

18. Theory. 17.75 
Found. 18.20 

Siie 

19. Theory. 18.62 
Found. 18.80 

20. Theory. 18.15 

Found. 17.29 
„ 17.57 


AI12 Na^g S4 

17.12 19.45 6.77 
16.60 19.00 6.10 

Aljjj Nai4 Sj) 

13.47 13.38 11.97 
13.00 13.70 11.80 

A1 j 2 N®'16 

13.13 14.91 — 

12,55 use ' 
12.54 14.61 0.80 


O4B 


38.91 — 

100.00 

40.10 — 

100.00 

0^4 

42.50 — 

100.00 

42.70 — 

100.00 


11.67 42.14 100.00 

11.38 44.12 100.00 
11.38 43.20 100.00 


R. Hoffmann, Ann. d. Chem. xg 4 , 
1~22, 1878. 

C. Griinzweig per R. Hoffmann, Ann. 

d. Chem. 194 , 18. 


Philipp, Ann. d. Chem. 184 , 1 32, 1 876. 


Sii2 Alg Nag Sg O38 

21. Theory. 23.40 11.28 9.61 13.37 42,34 

Found. 23.12 11.71 8.97 13.22 42.98 

Sijo Alg Nag Sg Ogi 

22. Theory. 20.77 12.02 10.24 14.24 42.73 

Found. 21.63 12.33 9,93 13.96 42.16 

Sijg Aljg Nago Sio Og2 

23. Theory. 17.61 12.74 18.08 12.68 38.99 

Found. 17.70 13.80 17.70 12.20 38.60 


Si|g Al|g Naj^g 3^2 

24. Theory. 20.34 13.08 12.99 16.60 38.09 

Found. 20.20 13.50 12.90 16.60 37.09 


-^^12 Na^g 

26. Theory. 19.37 12.45 15.91 
Found. 19.20 12.60 16.50 
„ 19.00 12.70 16.80 

„ 19.00 13.00 16.60 

„ 19.30 12.50 16.80 

„ 19.30 12.80 16.10 

„ 19.00 13.00 15.90 


S12 

14.76 37.61 
14.20 37.60 
14.00 37.60 
13.80 37.70 
13.90 37,60 
14.00 37.80 
14.00 38.10 


— 100.00 

— 100.00 G. Scheffer, Ber. d. D. Chem. Ges. 

1461, 1873. 


— 100.00 

— 100.00 G. Scheffer, Ber. d. D. Chem. Ges. 

1451, 1873. 

— 100.00 

— 100.00 R. Hoffmann, Ann. d. Chem, J94, 

14. 1878. 

— 100.00 

— 100.00 R. Hoffmann, Ann. d. Chem. 194 , 

17, 1878. 


100.00 
100.00 \ 
100.00 
100.00 
100.00 
100.00 
100.00; 


G. Guckelberger, Dingl. Joum. 247, 
343, 1883. 


Sijg <^12 

26. Theory. 18.92 12.17 
Found. 19.00 12.70 


Nsgg Sjg Ogj 

17.27 14.42 37.22 
17.40 13.60 37.30 


Sij^g Aljig Najg 

27. Theory. 19.00 13.74 13.66 
Found. 18.80 13.80 14.10 


Si, 

16.28 


37.32 
16.30 37.00 


100.00 

100.00 E. Hoffmann, Dingl. Joum. 247, 
1883 ; Ann. d . Chem. J94 , 14 . 


100.00 

100.00 B. Hofenann, Ann. d. Chem, 194,17. 
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Sii2 

Ale 

Nag 

Se 

^30 

Total 

28. Theory. 

23.17 

11.18 

12.69 

13.24 

39.72 

100.00 

Found. 

23.04 

10.77 

11.90 

14.02 

40.27 

100.00 

>» 

23.63 

11.09 

12.00 

13.46 

39.82 

100.00 

29. Theory. 

Sii8 

Alio 

Naig 

Se 

^60 


21.47 

13.79 

15.68 

8.18 

40.88 

100.00 

Found. 

21.53 

13.42 

15.38 

9.25 

40.42 

100.00 


Sil8 

AI 12 

Na^g 

S 5 

Og2 


30. Theory. 

21.05 

13.55 

17.29 

6.68 

41.43 

100.00 

Found. 

20.75 

13.53 

17.01 

6.78 

41.93 

100.00 

99 

21.00 

13.08 

16.98 

6.79 

42.15 

100.00 

99 

20.89 

13.28 

17.28 

6.80 

41.75 

100.00 

99 

20.51 

13.50 

18.00 

6.90 

41.09 

100.00 

99 

21.00 

13.12 

17.80 

7.02 

41.06 

100.00 

99 

20.69 

13.30 

17.20 

6.90 

41.91 

100.00 


u 


E. Buchner, Ber. d. D. chem. Ges. 7 , 989, B 


>G. Guckelberger, Dingl. Journ. 2 ^ 7 , 343, 18 


Portland Cements 

Formulae of a Series from Analyses of Portland Cements 



SiOa 

AI 2 O 3 


1 CaO 

|MgOjKjO 

iNajO 

1 CO, 

SOa 

|h 20 

1 Total 

1 

1. Theory. 

25.34 

6.37 

8.39 

!50.89'1.39 

0.82 

|0.64l4.61 

1.39 

1.26 

100.00 


Found. 

25.29 

6.41 

8.64 

50.40 

1.24 

0.50 

0.73 

4.61 

1.10 

1.30 

99.92 

Peichtinger, Dingl. Journ., 40- 

2. Theory. 

24.09 

6.83 

6.36 

63.73 



— 

— 

— 

— 

— 

100.00 

108-118, 1 ( 

Found. 

24.30 

6.90 

4.80 

64.10 

— 

— 

— 

— 

— 

— 

100.10 

) A. W. Hoffmann, Amtl. Ber 

3. Theory. 

23.65 

6.70 

5.26 

64.39 

— 

— 

— 

— 

— 

— 

100.00 

j Wien. Ausst. j, I, 583, IJ 

Found. 

23.30 

6.50 

4.70 

65.40 

— 

— 

— 

— 

— 

— 

99.90 

4. Theory. 

22.78 

6.45 

5.06 

63.78 

0.67 



— 



1.26 



100.00 


Found. 

22,48 

6.52 

4.46 

62.93 

1.48 

— 

— 

— 

1.39 

— 

99.26 

K. Pietrusky, J. B. T. 48, 1, 4 

99 

21.94 

6.02 

4,38 

64.63 

1.25 

— 

— 

— 

1.12 

— 

99.34 

Chem. Ind. 11 

yf 

23.44 

6.35 

3.99 

63.21 

1.15 

— 

— 

— 

1.22 

— 

99.36 


5. Theory. 

22.50 

6.38 

6.00 

63.00 

1.88 

— 

— 

— 

1.24 

— 

100.00 


k' Found. 

22.00 

6.50 

3.20 

62.10 

2.10 

— 

— 

— 

1.10 

— 

97.00 

J. B. T. 43 , 765. 


22.42 

6.28 

3.62 

62.82 

2.09 

— 

— 

— 

1.29 

— 

98.52 

99 

22.10 

6.25 

3.70 

62.50 

1.75 

— 

— 

— 

1.20 

— 

97.50 


yy 

22.07 

6.59 

3.41 

62.00 

1.04 

— 

— 

— 

1.53 

— 

96.64 


6 . Theory. 

22.59 

6.36 

4.98 

63.26 

1.56 



— 

— 

1.25 

— 

100.00 


Found. 

22.48 

6.62 

4.46 

62.93 

1.48 

— 

— 

— 

1.30 

— 

99.17 

Tonmd.-Ztg., 1826, 1901. 

yy 

23.44 

6.36 

3.99 

63.21 

1.15 

— 

— 

— ^ 

1.22 

— 

99.36 

.Theory. 

22.30 

7.06 

3.69 

62.02 

2.46 

— 

— : 

— 

2.46 



100.00 


Found. 

21.86 

7.17 

3.73 

61.14 

2.34 

— 

— 

— 

1.94 

— 

98.18 

Tonind.-Ztg., 1826, 1901. 

8 . Theory. 

22.22 

7.03 

3.67 

65.23 

0.61 

— 

; 

— 

1.23 

— 

100.00 


Found. 

22.10 

6.40 

3.04 

65.44 

0.81 

— 

— 

— 

1.61 

— 

99.40 

Tonind.-Ztg., 2015, 1901. 

9. Theory. 

21.83 

6.13 

4.82 

64.50 

1.51 



— 

— . 

1.21 

1 

100.00 


Found. 

21.94 

6.02 

4.38 

64.62 

1.25 

— 

— 

— 

1.12 


99.33 


10. Theory. 

21.55 

7.68 

2.38 

64.93 

1.19 







2.37 



100.00 


Foimd. 

21.26 

7.64 

2.86 

63.74 

1.10 

— 


— 

2.18 

0.60 

99.38 

Tonind.-Ztg., 2015, 1901. 

11. Theory. 

23.71 

12.10 

— 

64.19 

— 

— 


— 





100.00 

Found. 

23.80 

11.40 

— 

64.80 

— 

— 

— 

— 

— 

— 

100.00 

A. W. Hoffmann, Amtl. Ber 

12. Theory. 

21.17 

8.04 

4.20 

61.82 

3.50 

— — V 

. 





1.27 

100.00 

Wien. Ausst. y, I, 683, 11 

Found. 

20.72 

7.57 

4.48 

60.52 

3.02 

1 1.02 

0.52 

0.37 

1.22 

99.44 

Fischer, H. d. ch. T. 828. 

13. Theory. 

20.64 

7.89 

4.13 

62.59 

2.06 

1.62 

1.07 







100.00 


Found. 

20.33 

8.67 

3.80 

62.33 

2.48 

1.20 

0.85 

— 

— 

— 

99.66 

J. B. T. 732. 

99 

20.33 

7.19 

3.65 

63.65 

2.62 

1.04 

0.80 

— 

— 

— 

99.28 

14. Theory. 
Found. 

24.16 

— 

10.73 

65.12 













100.00 


23.80 


11.40 

64.80 

— 


— 

— 

— 

— 

100.00 

A. W. Hoffmann, Amtl. Ber 
Wien. Ausst. 3 , I, 683, 11 
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SiO, 

AlaO, 

I’6j03 

CaO 

MgO 


NaaO 

COa 

|S03 

HaO 

Total 


15. Theory. 

23.65 

6.02 

2.63 

65.87 

1.09 

, 

v| 



1.74 



100.00 


Found. 

23.40 

5.18 

2.79 

65.80 

1.13 

0.48 

— 

1.42 

— 

100.20 

Loebell, J. B. T. 48 , 1, 


32.68 

6.03 

2.82 

65.47 

1.08 

0.53 

— 

1.36 

— 

99.97 

466. 

16. Theory. 

32.62 

7.37 

5.79 

44.66 

1.45 

0.85 

0.57 

4.78 

1.46 

0.66 

100.00 


Found. 

32.60 

7.17 

6.23 

44.96 

1.52 

0.45 

0.64 

4.52 

1.20 

0.72 

100.00 

Fehling, H. d. Chem. 482, 

17. Theory. 

34.15 

7.73 

6.06 

46.76 

0.76 

— 

— 

1.66 

1.51 

1.37 

100.00 

1875. 

Found. 

34.07 

7.49 

6.58 

46.07 

0.90 

— 

— 

1.38 

1.96 

1.47 

98.92 

Fehling, H.d. Chem. 482, 

18. Theory. 

32.63 

7.34 

6.76 

45.37 

1.44 

0.85 

0.56 

3.96 

1.44 

0.65 

100.00 

1875. 

Fotznd. 

32.60 

7.17 

6.23 

44.96 

1.52 

0.45 

0.64 

4.52 

1.20 

0.72 

100.01 

Feiohtinger, Dingl. Jour. 

19. Theory. 

34.08 

7.67 

6.02 

46.33 

0.75 

0.88 

0.58 

0.82 

1.50 

1.35 

100.00 

40-61, 108-118, 1859. 

Found. 

34.07 

7.49 

6.58 

46.07 

0.90 

0.27 

0.56 

1.38 

1.96 

1.47 

99.75 

Feiohtinger, Dingl. Jour. 
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29.33 

4.95 

7.72 
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1.94 
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5.69 
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1.16 
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40—61, 108 — 118, 1859. 
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28.56 

4.75 

8.14 

47.53 

2.04 

0.48 

0.68 

5.58 
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7.71 
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J. B. T. 44 , 749. 
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1.03 
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23.19 

6.87 

3.06 

63.03 

1.02 

0.60 

1.19 

— 

2.04 
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V. Teichek, Chem. Ind. 
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23.21 

5.92 

3.09 
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1.03 

— 
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1.30 
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22.71 
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2.81 
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1.04 

1.64 CaSO* 

O.SOOaCO., 

— 

— 

93.56 

Tonind.-Ztg. 409, 1879. 
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22.94 

6.81 

3.03 

65.18 

1.02 



1 



2.02 
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5.63 

3.28 
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— 
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99.15 
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10.39 

7.37 
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71.96 

3.47 




1.91 
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10.38 

6.66 

1.99 

72.10 

3.27 

0.85 

1.64 

0.43 
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Fischer, H. d. ch. T. 828. 
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25.29 

8.35 

9.36 
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100.00 


Found. 

25.21 

8.26 

8.35 
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Feiohtinger, Dingl. Jour. 
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16.75 
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2.71 
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4.03 

1.25 

2.42 
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8.37 
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66.12 
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17.04 

8.09 

3.25 

65.05 

3.04 
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0.83 

0.30 
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33. Theory. 

15.00 

7.03 

2.20 

66.44 

4.41 




2.42 
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14. ' 

7.52 

2.15 

65.42 

3.89 
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21.78 
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43.57 
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20.59 

13.04 

— 

12.64 

2.77 

1.01 

0.66 

1.40 

2.65 

13.82 

98.48 


Found. 

20.22 

14.62 

— 

41.87 

3.02 

0 77 

0.71 

1.86 

3.02 

13.77 

99.76 

Zulkowski. 

36. Theory. 

24.59 

15.68 

0.91 MnO 

48.77 

3.08 

2.41 

1.59 

0.92 FeO 

2.05 

— 

100.00 

( Zulowski, 

Found. 

24.64 

16.27 

0.82MnO 

49.70 

3.29 

1.67 

1.37 

1.12 FeO 

i:72 

— 

99.60 

1 J. B. T. 4^, 746. 

37. Theory. 

21.04 

13,32 

0.78 FeO 

43.57 

2.83 

1.02 

1.35 

0.96 

2.61 

11.75 
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0.77 MnO. 

Found. 

21.02 

13.02 

0.86 FeO 

43.57 

|3.09|0.31 

0.84 

1.76 

2.29 

11.87 

99.28 

0.66 MnO Zulkowski. 
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s:Oj 

AlaO, 

Fe,Oa 

CftO 

o 

b 

Na,C 

i|co, 

SOs 

HaO 

Total 1 

38. Theory. 

24.73 

15.65 

[0.92 Fee 

>49.7'3 

13.32 

51.8C 

>1,69 

• 0.28 

11.03 

! 0.9lMnC 

h'lOO.OO 

Found. 

24.64 

15.27 

1.12 FeO 

^49.70 

I3.2S 

11.67 

1.37 

0.64 

.1.72 

! 0.82MriC 

• 100.14 

39. Theory. 

23.71 

7.78 

6.23 

64.37 

0.87 

1.02 

12.03 

3.14 

0.87 

0.98 

100.00 
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22.23 

7.75 

5.30 

64.10 

'0.75 

11.10 

IM 

2.16 

1.00 

1.00 

97.04 


23.72 

7.36 

6.60 

64.40 

0.86 

0.86 

1.78 

2.80 

1.12 

0.96 

99.36 

40, Theory. 

23.64 

8.93 

3.61 

61.29 

0.87 

— 

— 

— 

1.76 

— 

100.00 

Found. 

22.47 

7.81 

3.42 

61.13 

1.06 

— 

— 

— 

2.03 

— 

97.92 


23.67 

8.89 

3.51 

60.10 

0.95 

— 

— 

— 

0.90, 

— 

97.92 


22.96 

9.14 

3.23 

61.19 

1.03 

— 

— 

— 

1.45 

— 

99.00 

99 

23.36 

8.12 

3.21 

60.67 

1.19 

— 

— 

— 

1.81 

— 

98.26 

41. Theory. 

28.72 

3.05 

1.59 

65.85 

0.79 

— 

— 

— 

— 

— 

100.00 

Found. 

28.64 

3.43 

1.13 

166.62 

10.30 

’ — 

— 

— 

— 

— 

100.02 

» 

29.08 

3.40 

1.24 

66.07 

0.20 

— 

— 

— 

— 

— 

99.99 

42. Theory. 

27.39 

2.92 

1.52 

68.17 

— 

— 

— 

— 

— 

— 

100.00 

Fopnd. 

27.06 

3.19 

1.29 

68.06 

0.36 

— 

— 

— 

— 

— 

99.95 

43. Theory. 

26.49 

3.75 

— 

69.03 

0.73 

— 

— 

— 

— 



100.00 

FoLind. 

26.30 

3.60 

0.77 

68.84 

0.64 

— 

— 

— 

— 

— 

99.95 

44. Theory. 23.96 

3.38 

— 

72.66 

— 

— 

— 

— 

— 



100.00 

Found. 23.75 

3.11 

0.85 ' 

72.01 1 

0.30 

— 

— 

— 

— 

— 

100.02 


Zulkowdki 

Feichtinger, Dingl. Journ. 
40-61, 108-118, 1859. 

J. B. T. 35 . 862. 
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Ajuminophtosphoric acids and nerve-dhres, 
225 
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Devitrification of glass, 24 1 

Di- carbonic acid, 293 

Diffusihility of A- and X-cements, 236 

Dimorphism of CaCOs, 293 

Disdynamised compounds, 108 

Dissociation theory, 266 

Double salts, 11, 12, 16 

Dualism, chemical, 305 

Dyes, 246 
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Hardening of Portland cements, 173 
Hardening of Portland cements, causes of, 
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Hardening, regulation of, 217 
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Heat development in hardening cements, 
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Historical survey, 3 
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H|rdration of Portland cements, 181 
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HydrauHo modulus, 168 
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Hydrobasic salt, 166 
Hydroborasite, 291 
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Hydronephelite, 9, 66, 67 
Hydro-pentites, 33 
Hydrous aluminosilicates, 66 
Hydroxide water, 194 
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Iron compounds, 78, 299, 301 
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Kaolin, 6, 7, 9, 10, 25, 44, 46, 47, 62, 90, 
113, 139, 166, 181 

Kaolin, acido- and baso-philism of, 212 

Kaolin, amphiohromatophilism of, 212 

Kaolin, constitution of, 212 

Kaolin lakes, 212 

Kaolinates, 118 

Kaolinic acid, 6, 111, 116 

Kaolinisation, 117 

Elaolinite, 110 

Krypolite, 10 
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Labradorite, 295 
Lakes, 212 
Lardellerite, 291 
Laumontite, 46, 47, 65, 66, 91 
Leucite, 9, 46, 176 

Lime, action on bond in cements, 194 

Lime-clay mixtures, 181 

Lime compounds, 306 

Lime, free, in cement, 165 

Lime, hardening of, 174 

Lime, hydratilic, 193 

Lime in cements, removal of, 193 

Lime, isomeric, 176 

Lime, proportion removable from cement, 
160 

Lime, separation of, in cements, 190 
Lime-siUca mixtures, hardening of, 176 
Limes, hydrauMc, ajstion of acids Oh, 194 
Ludwig’s chart, 128 
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Magnesia compounds, 306 
Magnesia, isomeric, 176 
Magnesia, slaking of, l76 
Magnesium silicate, 176 
Manganese compounds, 291, 306 
Marcasite, 292 

Margarite,' 10 , 

Masonry, destruction of, 196 
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Melting point, 168 

Melting point and composition, 129 

Melting point of clays, 109, 124 

Melting point of silicates, 131 

Mesolites, 57 

Metal-ammonias, 266 

Metal-ammonium salts, 17 

Mica, 9, 58, 60, 300, 313 

Mica group, 49 

Mica ring, 325 

Microcline, 64 

MicrograpMc examination of cements, 168 

Micrographic study of hardening, 178 

Milarite, 78 

Mimetesite, 291 

Mix-crystals, 298 

“Mixture,” 112 

Mixture theories, 6, 26, 62, 163, 253, 295, 
298 

Mixture theory of cements, 158 
Modulus, hydraulic, 168 
Molasses, 211 
Molecular compoimd, 12 
Molecular core, 298 
Molecular volumes, 317 
Molecular weight of slags, 171 
Molecular weights of crystals, 285 
Molybdates, 16, 300, 302 
Molybdenum compounds, 78, 79 
Mordenrdte, 78 
Mortar, 166 

Mortar, action of CO3 on, 193 
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JSTatrolite, 9, 46, 47, 69, 66, 70, 91, 176 
Nepheline, 6, 9, 25, 46, 62, 61, 62 
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Nerve-fibres and aluminophosphoric acids, 
225 

Nerve-fibres, chemical constitution of, 224 
Nerve-substance, reactions of, 222 
Neurotropism of aluminophosphoric acids. 
222 

Nickel compounds, 292, 299, 306 
Nomenclature of silicates, 113, 114 
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Norsean, 69 ^ 
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Oxygen, valency of, 109 
OxyphiUsm, 212 
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Parameters, 307 
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Phosphates, 291, 294, 300, 307 
Phosphoric acid, 294 
Phosphorous compounds, 269, 271, 203 
Phosphotungstates, 20 
Pigments with hydraulic properties, 198 
Plaster of Paris, action of, on cement, 196 
Plasticity of clay, 133, 322 
Polymerisation, 113, 168 
Polymerisation of gas-molecules, 283 
Polymorphism, 290 
Polyspharite, 291 
Porcelain cements, 199 
Porcelain cements, chemical constitution 
of, 209 

Porcelain cements, formuljB of, 215 

Porcelains, 236 

Porcelains, formulae of, 254 

Porphyrexides, 277 

Porpora glass, 248 

Portland cement, 153, 322 

Portland cement, action of water on, 197 

Portland cement and sea water, 195 

Portland cement formulae, 179 

Portland cement, hydration of, 181 

Portland cements, constitution of, 105 

Portland cements, hardening of, 173^ 177 

Potash compounds, 306 

Potash felspar, 53, 64 

Potash mica, 68, 59, 60 

Potash nepheline, 58 

Potassium compounds, 300, 317 

Potassium silioo tungstate, 95 

Prehnite, 45, 47 

Prismatine, 10 

Prolektifce, 306 

Pseudomorphous processes^ 46 
PtioHte, 78 
Puzzolans, 163, 176 
Pyrite, 292 
Pyromorphite, 291 
Pyrophillite, 46 


Quartz, 176 

Quicklime, slaking of, 174 
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Racemic acid, 313 
Radio-activity, causes of, 279 
Rational analysis, 107, 108 
Red-buming clays, 136 
Refractoriness and composition, 126 
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Regenerated cements, 180 
l^sistance to alkalies of slags, 1 60 
Ring-isomerism, 64 
Ring-prognoses, 74 
Ring- water, 72 
Roman cement, 153 
Rosaniline, 246 
Rubidium compounds, 317 
Ruby glass, 249 
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2, 60, 162 

2-almninosilicates, 197 

2-cements, 213, 227, 235 

2-hydro-aluminosiUcates, 142 

2-sodalites, 153 

2-ultramarines, 215 

Saliva, action of, on cements, 218 

Sapphirin, 23, 76 

Scapolite, 62 

Scapolite group, 50 

Scolecite, 66, 69, 91 

Sea water, action of, on cements, 195 

Seger cones and temperatures, 129, 130 

Setting of cements, 153 

a-hydroxyls, 66, 165, 209, 210 

Side-chains, 306 

Silica, 3, 291 

Silica-lime mixtures, hardening of, 176 
Silica, precipitated, 7 
Silica, soluble, 154, 160, 189 
Silica, separation from ultramarine, 161 
Silicate cements, 199’ 

Silicate cements, isomers of, 195 
Silicate- water, 186, 194 
Silicic acid, 3 
SiHco-aluminic acid, 6 
Silico hydrates, 8 
Silico-molybdate, 16 
Silico-tungstates, 94 
Sillimanite, no 
Sintering point, 159 
Skelesdte, 47 
Slag cement, 153 

Slags, 160, 169 ^ 

Slags, action of alkali on, 172 
Slags, composition of, 170, 171 
Soda felspar, 64 

Sodalites, 12, 25, 42, 43, 46, 62, 69, 60, 66, 
152, 153, 198 

Sodium alumino-lactate, 226 
Sodium aluminosilicate, 139 
Sodium nepheline hydrate, 69 
Sodium orthoclase, 64 
Sodium phosphate, 293 
Sodium a-kaolinate, 116, 118 
Softening point and composition, 132 
Softening jpoints, 129 
Softening water, 211 
SoHd solutions, 71, 157, 169, 263, 306 
Soluble siUca, 154, 156, 189 
Spectrum analysis, 228 
^pinels, 4 
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Stereo-chemical theories, criticism of, 281 
Steroo-hexite and stereo-pen tite theory, 
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Stilbite, 66, 68 
Strontium carbonate, 291 
Strontium carbonates, 306 
Sugar, inversion of, 229 
Sugar recovery, 211 
Sugars, formation of, 271 
Sulphides, 292 
Sulpho-aluminates, 196 
Sulphonate groups in ultramarines, 141, 
161 

Sulphonates, 141, 151 
Sulphonates, action of, on cements, 196 
Sulphonates as chromophores, 142 
Sulphur, 292 

Sulphuric acid ; action on clays, 107 
Summary, 318 
Syntagmatite, 300 
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Talc, 176 
Tartaric acid, 313 
Tellurium comptiunds, 317 
Thermo-chemical studies of hydration, 187 
Thermodynamics, law of, 71 
Thermometer depression, 239 
I Thonasonite, 67 
I Tin compounds, 76 
Titanic oxide, 292 
Topaz, 64, 210 
Topical parameters, 307 
Tourmaline, 24, 47, 76, 296 
Tourmaline group, 60 
Toxic action of the ^-cements, 219 
Trass. 153, 176 
Tri-calcium silicate, 168 
Tridymite, 292 
Tungstates, 1 8 

Tungsten compounds, 20, 24, 78, 81 
Type theory, 4 
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Ultramarines, 69, 136, 166» 322 
Ultramarines and sodalites, 152 
Ultramarines, composition of, 143 
Ultramarines, constitution of, 212 
Ultramarines, effect of heat on, 160 
Ultramarines, isomeric, 147 
ULtramarines, vitrification of, 160 
Uranitim compounds, 306 
Urano-acetates, 306 

V 

Valencies, 276, 289, 294 
Vanadates, 297 
Vanadinite, 291 

Vanadium compounds, 20, 76, 79 
Vitrification of clay, 109 
j Vitrification of ultramarines, 160 
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w 

Water, combined, 65, 72, 109,110 
Water of constitution, 4, 51, 53, 65, 95, 
104, 108, 109, 116, 134, 152, 305, 

321. 

Water of crystallisation, 59, 65, 71, 103, 
108, 186,269, 305,321 
Water of hydration in cements, 181, 186 
Water of silication (see Silicate- water), 
186 


Water-separation phases, 71 
Water, softening, 211 


Z 

Zeolites, 47, 66, 154, 210, 314 
Zinc aluminophosphates, 226 
Zinc compounds, 299, 306 
Zinc phosphate cements, 199 
Zinnwaldite, 26 
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